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PREFACE 


“This specification provides the complete» comprehensive 
description of the system structures of the arithmetic» 
togicai>, strings brancnhings state Switching and 
input/output (1/79) operations? and of the interruption and 
fault handling mechanisms that comprise the MS-3 S-Hachine. 


RELATED SPECIFICATIONS 


ee dl 


The inforaation contained in the following documents its. 
pertinent to this specification. 


MS~3 Architecture Notes #1 ~ #12. 
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GENERAL DESCRIPTION 


-The system is designed to operate with a Master Control 
Program CMCP) that coordinates and executes atk I/9 
intructtons» handles exception conditionsre and supervises 
scheduting and execution of multipte prograns Ciseee» time 

nulbtiplexing of processes). 


A program consists of one or more source modules. Source. 
modules constst. of symnbotic descriptions of atgorithms 
C€procedures) and data areas (moduie "owns process gtobal 
and procedure tocalt). Source modules are. compiled into 
odject nodulas. <A process is the execution of a program 
and +s characterized by a sequential flow of control 
through invoked object modules. : 


MS-3-provides facilities for efficient switching from one 
process to anothers traversing through sodulese relocation 
of processes in processor memory and for storage 
protection. ; 
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ARCHITECTURAL CHARACTERISTICS 


Some of the architectural characteristics 
S“Machine are: 


Decimal addressing to the digit. 
Decimal arithmetic. | 
Addressable S-registers. 
Indirect addressing. 


Facilities for modular programming. 


‘of the $73 


COBBL type string operations on 4~bit and 8-bit units. 


FORTRAN type storage unit criented operations. 


Storage protection via segmentation. 
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SYSTEM STRUCTURE 


PROCESS AND MODULE ADDRESSING ENVIRONMENTS 


An environment consists of Logical storage partitions 
calied segments. The symbotic nane of a segment is catied 
a segment descriptor. Segment descriptors are contained in 
either an environment segment dictionary or the System 
Segment Dicttonary. 


The segments of an environment may be addressed relative to 
the base of the environment segment dictionary (cailed 
local addressing) or they may be addressed relative to the 
base of system memory (calted global addressing). 


An addressing environasnt is characterized (defined) by its 
environment segnent dictionary. 


See Figure 3-1 for the logical representation of an 
environment. 
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A 


PROCESS AND MODULE ADDRESSING ENVIRONMENTS (Continued). 


FIGURE 3-1. 


Dot o 


The Logical Representation Of An Environment 
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Process Environments 
Each process has associated with it a process static 
environment and a process dynamic environment. 


The process static environment consists of segments which 
are global to the process. These include a process stack. 


The process dynanic environment consists of segments of 
data which have been passed from modules other than the’ 
current one. ; 
Module Code (Read Only) Environment 

A code environment contains segments of code and read-only 
data for a nodule. 

Module Data Environment 


A data environment contains the static» as opposed to 
Parametric» data segments of a module. 
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SYSTEM ADDRESSING STRUCTURE 
System Segment Dictionary 


The System Segment Dictionary (SSD). defines and protects 
addressable areas of memory via descriptors. This 
serves as a gtobal colltlectton of descriptors which 
primarilys but not exclusively» define environwent segment 
dictionaries. The SS) base (SS08) is the first (Clowest). 
valid address discovered by the processor at initiat toad 
time. The SSOB value is known by the S-Y4achine at all 
times. 
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Segment Dictionartes 


Segment dictionaries characterize environments. An 
environment segment dictionary either locates or defines 
and protects addressable areas of memory via segment 
descriptors. Environment segment dictionaries are 
described »y entries in the SSD-e thus» the base of an 
environment segment dictionary ts SSDB relative. 
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Segment Descriptors 


Segment descriotors ar2 word addressed (€i.e.» on modulo £0 
digit boundaries). Segment descriptors contain segment 
dictionary base €$93) relative addresses (moduto 100 
digits} or $598 relative addresses or SSD indexes. 


Segment descriptors are ten digits tong and have formats 
defined by the following fields: 


4) descriptor type 


The descriptor type field is two bits ton. _ The 
descriptor type may desiqnate that the descriptor is: 


a) a local (segment dictionary) base relative address 
(LOCAL) 


b) a globat (SSD) base relative address (GLOBAL) 


tc) a copy descriptor (an address retative to a 5$SD 
entry) CCOPY) . : 


d) a miscellaneous format CMISC) 
2) usage typa 


The usage type field is two bits long and the values 
depend on the descriptor type. 


If the descriptor type is LOCAL or GLOBAL then the 
usage type may designate that the area the descriptor 
defines is: 


a) Read Onty data 


Access to the described area is Limited to a read 
operation. Attempts to atcess the area in some 
other Way will result in an access’ fault 
(protection violation). : 


b) Read/Write data 


The area may be read from or written into. Other 
forms of access will generate a fault. 


32223 
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Segment Descriptors (Continued) 


c) Execute Only code 


Data (code) within the area may only be executed. 
Read or write access wilt generate a fault. 


d) Read/Execute code 
Similar to Execute Only but only a write access- 
will generate a fault. This allows Read Only 


data in a code segment. 


If the descriptor type is COPY then the usage type may 
designate that the descriptor points to: 


a) a segment descriptor of any type 
b) a segment dictionary address 


c) a module code segment address Cis the first word of 
a module entry potnt pair) 


If the descriptor type is MISC then the usage type may 
designate: 


a) an absent mernory area (Crest of descriptor is 
software defined) 


b) a module entry point data address and code offset 
(the second word of an entry point pair) so 


Table 3-1 designates the codes for the various type 
combinations. 


32263 
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Descriptors C€lontinued) 
usage ! symbot ! meaning. 4 
type 1 i t 
code J i j 
> oe 0 oe ee on Se ee ee On ees 0 ee ee eee ee ee ss Seaeeranae soe esos eee He oe eC eS SSS See SS { 
{ LI 
0 0 ft ABS ( absent - area not in physicat mem 
O11 ft = {! reserved 
10 #9 cP2 1 2nd half of entry ooint pair 
i141 1 a it reserved 
1 t 
60 f L/R 1 locals Read Onty (SDB relative) 
O 1 %$f€ LARA f Locals Read/krite 
10 j%I L/E f Locals Execute Only 
1 i $$ L/E/R ft Locale Execute/Read Only 
f § ; 
0 0 ¢ GSR 1 global» as above (€SS5D3 relative) 
Qt } G/R/W 1 bid 
10 9! &GZE { " 
ii { G/ESR I = 
, 1 ! 
0 0 { SEG 1 copy of a segment descriptor 
oi 9 $9 i Lace dictionary desc 
10 ¢ EPL i first half of an entry point pair 
11 ! - { reserved 
{ i 


TABLE 3-1. Segment Descriptor Types. 


3-2-3561 
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LOCAL/GLOBAL Segaent Jescriptors 
--3} 0 5 9 
[onan ewan nee ------- wane neon --------2---- 1 
{ { 2 " t ] ' e :. e 1 
| ee i | SIZE I BASE 1 


Type Fields (digit 0) 


For LOCAL/GLOBAL descriptors the type fields (T = 
Descriptor Type - eight~bit and fourbit# Usage Type = 
twor-bit and onesbit) specify how to form an address) and 
what operations are permitted upon the data Located at that 
address. 


Size Field Cdigits 1-4) 


The size fieid specifies the Length of the described area 


in units of 190 digits Cthe two tLowrorder digits are 
implied and have a value of zero). . 


0000 means a tength of zero. 
9999800" is the largest segment size in digits. 
Base Field (digits 579) 


The base field specifies the retative location of the 
descridbed area. <A base represents a seven digit number? 
the low-order: digits are implied and have a value of zero. 
If the type ts LOCAL» the beginning of the area 1s conputed 
relative to the base of the relevant segnent dictionary 
Cieeo.» the seamant dictionary containing the descriptor). 
If the type is GLOBAL» the beginning of the area is 
computed relative to the pase of the SS). ; 
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COPY Segment Descriptors 
SEGMENT DESCRIPTSR ADDRESS 

--() i 5 9 

a ala dn lar a a alec { 

i { ‘ ' ' ifs ¢ ft hts ty 

Trt §$ SD xX W/stth tet slhrereyr 

| I nr A Ae Ae ae Aa ee A Ze fa | 


Type Fields Cdiqit 0) 


This descriptor type represents a "copy™ of a descriptor in 
the SSD. ; 


$50 Index Fieid €digits 17-4) 
The SSD index €SSD9X) fietd contains a (word) index tnto the 
SSDe where the “reati™ descriptor is to 5e found. - Segment 


numbers are not applied to this type. 


SEGMENT DICTIONARY ADIJRESS 


--0 1 5 7 9 
| tt 1 
I ' . ' 1/s/7) ' e { 
irr  ssDxX Ae ae ee SEG i 
1 ! !se7/4 ' 


Type Fields Cdigit 0) 


This descriptor type represents a "copy" of a descriptor in 
a segment dictionary. 


$SD Index Field (digits 174) 
The SSDX field contains a Cword) index into the SSD for. a 
descriotor that defines where the segment dictionary of the 


"real" descriptor is to be found. 


Segment Number (Cdigits 7°79) 
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SEGMENT DICTIONARY ADDRESS CContinued) 


The | segment number (SEG) 1s applied to the segment 
dictionary descriptor te obtain the “reai™ descriptor. 


ENTRY POINT ADORESS 


“-0 1 5 7 9 

fron rn rn nnn nnn nn nn re nnn e cen nenee I 
{ ! ' ' e . { ‘ { e e ! 
nT ss DX IM AS KE SEG 1 
ot { t t 
[nnn nnn nn nn nnn nn nn een enn nee 1 
--10 11 15 19 
0 attire a eetetaletatatetetate a latetatatetetatetatatenetets i 
t { ' s s ! € t t . @ i 
att $$ DX ! OFFSET i 
too Png i i 


Entry points havea to do with inter-module procedure cail 
and branching. They must occur in pairs. 


Type Field Cdigit 90) 


Digit oO designates an entryspoint-1 CEP1) type of 
’ descriptor. 


-S$SDX Fieid Cdigits 174) 


This field identifies the descriptor for the next nodule’s 
code segment dictionary. 


MASK Field (digits 5-6) 


This field witt specify an interrupt and fault mask» etc. 


SEG Fietd Cdigits 7-9) 


This field contains the seament numoer of the code segment. 
This seagmnent is relative to the segnent dictionary 
specified by the SS9X field. 
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ENTRY POINT ADDRESS Clontinued) 
Type Field (digit 10) 
Digit 10 designates an entrycpoint-2 CEP2) type of 


descriptor. 
SSDX Field (digits 11714) 


This SSDX tdentifies the descriptor for the next module's 
data segment dictionary. 


Offset Field Cdigits 15-19) 


This field contains the Cdigit) offset within the code 
segment of EP1 at which execution witl next commence. The 
size of this field neans that onkty the first 99999 digits 
of a code segqnent may be ENTERed Cdirectly) via an entry 
point pair. ; 
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323 PROCESSING STRUCTURE 


A process is the execution of a o9rog am and is 
characterized by the sequentiai flow of sontrol through 
invoked object modules. Module invocation is acconplished 
via the process sequence controt instructions 
(Procedure-caiit» Branch). Catied procedures mav be tocated 
“in the current Cintra) module or in sone external (Cinter)> 
module. 


¥Yhe system provides for 1) passing parameters to the called 


procedure, 2) Saving the current environment Cas 
appropriate)» 3) acquiring a new environment if a procedure 
external to the current module is being calledse 4) 


accessing data passed by referencer and 5) restoring the 
correct environment when the procedure is exited. 


Intra/tnter-nodute procedure entry histsry is maintained in 
a Process Stack. The information contained in this area 
includes 1) the type of calt Cintra/inter modute)s 2) the 
instruction pointer Csegment number and offset)» and 3) the 
Location of the orevious history information.: 


A process is specified by naming a process state record 
-CPSR}. Each PSR contains the information necessary to 
reinittate the process on the processor. 


At any time the addressing range or scope of a module being 

b a eecuted as oart of a process is defined directly by three 

aca ae environmentse)} one pseudo environment and aéeset of 

Oo addressable registers and indirectly by another 
environment. ; 


These are respectively: 


1) Process Static environment. This environnent is 
characterized by the process static segnent dictionary. 


2) Module data environment. This environment is 
characterized by the module static data segment 
dictionary. Associated with this environment is a 
current data seqment which allows a short form of 
operand address description. 


33 Module coda environment. This environtent is 
characterized by the module code seqment dictionary. 
Associated with this environment is a current cede 
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PROCESSING STRUCTURE CContinued) 


4) 


- 5) 


&) 


segment which allows a short form of branch address 


description. 


Procedur? parameters and tocat data (this is the pseudo 
environment). .Sterage for these is allocated from a 
Process Stack which is located via the process static 
segment dictionary. 


“The addressable registers are addressed vita a register 


type operand description and are located via the 
process state record. 


Process dynamic environment. Thts environnent is 
characterized by the process dynamic segment 
dictionary. Segment descriptors for parameters passed 


by reference are actuatty tocated in the process 


dynamic environmant and are referenced via 
corresponding operand descriptions in the Process 
Stack. : 


See Figure 37-2 for a diagram of the various addressing 
environments in a process's direct addressing space. 
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PROCESSING STRUCTURE CContinued) 


Process Stolle Crocess. Dyramia Current Dato. 
Recated SAment Divtionary SD: 


: + 

| Process Static Pee fess Sack Cur TEV Cre, 
SD. S.D. 
PSSD CtsD 


s$D 


FIGURE 3-2. ° Process Direct Addressing Space. 
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Process Stack 


By definitions segnent zero (the zerotth entry} of the 
process static seaqment dictionary defines the Process Stack 
area. Space for history tlinkage» parameters and tlocat 
vartables (temporary storage} is allocated.in a LIFO manner 
in this stack. Addressing is relative to the last 
information deposited by the Mark=stack instruction. This 
information ts termed a Mark Stack Control Word (CMSCH). ¢ 
iocal (L)» historical CF} and topsof-stack (S)} pointers are 
associated with the Process Stack. L»>» F and §S are 
manipulated by the Mark=stack (CMKST).» Procedure=call 
CENTER and Procedure-return CEXIT)  overators. The § 
pointer is also manipulated via the TOS operand type. 


Bounds checking on the Process Stack and the’ process 
dynamic segment dictionary must be performed whenever their 
Stack pointers are changed. Such checking should use. an 
equal condition onlye Thus the fault-handling procedure 
will not get bounds checks. os 
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Process State Record 


The Process State Record (PSR3} is not addressable by the 
process. This area contains all the variables that are 
meeded for process initiation. 
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Process Static Segment Dictionary 


The process static segment dictionary is a process wide 
segment dictionary (€referenced by environment number one in 
an operand description ~ see section 3.24.2). The process 
Static segment dictionary does nst change during the life 
of the process. This segment dictionary describes areas 
global to the process. 


Module Static Data Segment Dictionary 


A module static data segment dictionary defines data areas 
(referenced by environment number two in an operand 
description) of current interest. The module static data 
segment dictionary its dynamic in that the current segment 
dictionary may be changed via the ENTERe EXIT or iinter 
module branch instructions. 


Module Code Segment Dictionary 


A module code segment dictionary defines those code 
segments treferenced dy environment number three in a 


transfer of controt intruction>? cf current interest. ‘The 
module code sequent dictionary is. dynamic in the same 
fashion as the module data segment dictionarv. 


Dynamic (Procedure Lozal) Data And Parameters 


Dynamic data and procedure paraneters are placed in the 
Process Stack along with the procedure history. These 
variables are referenced by environment number zero and no 
segment number in an operand description. 


Process Dynamic Segment Dictionary 


The process dynamic segment dictionary is a segment 
Gictionary which is not directly accessible by a process» 
but 1s used to contain the address of parameters passed by 
reference. fhis seqnent dictionary is referenced by = an 
environment numhar of zero in an operand description (which 
contains a seqament number) that was constructed in the 
Process Stack by a Push-name (STUFF) instruction. The 
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Process Dynamic Segment Dictionary (Continued) 


space allocation within this segment dictionary operates in 
a stack or LIFO nanner. The addressing is relative to its 
base. The HKST and STUFF instructions cause the name CN) 
pointer to ba manipulated. The process dynamic seament 
dictionary is not addressable via the process static 
segment dictionary. 


Addressable S-reaisters 


The S-machine provides sixteen addressable registers for 
use as index registers or accumulators. Each register is 
ten digits Long. Doudle Length operands may extend over 
two registers. : 


344 
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INSTRUCTION FORMATS 


Instructions are composed of an Operator Description 
followed by zero» one» two or three GUperand Descriptions. 
Instructions canstst of byte modulo Ssytlables which must 
begin on an even address. 


Operator Description 


The first byte of an instruction contains the Jperator 
Description which is encoded and defines the operation (0p) 
to be percforned. All unassigned Op codes are reserved and 
Will cause a program fault if encountered. Each 3p code 
implies the number of Iperand Descriptions which follow. 


Operand Description 


Each Operand Description consists of a Primary Sylltable> 
optionally followed by one or more Extenston Syllables. 
The Primary Syttable aay vary in length fron one to four 
bytes. Each Extension Syltante is two bytes long. 


5e4e2el 
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Primary Syllable 


The Primary Syltable may be one of four categories: 
titerat CLIT),- Register CREG)» Top-Of-Stacek (T95) and 
Reference CREF). The primary syllables for LIT,» REG and. 
TOS are two bytes tong. The primary syltable for REF may 
vary in Length from one to four bytes. The first digit of 
each primary syllable specifies which category the operand 
belongs to» as well as giving further formatting 
informatton for the REF category. ; 


The formats of the Primary Sytlables for Literals Registers 
Top-Of-Stack and Reference Operand Descripticns are as 
follows: ; 


LITERAL CLIT) _ @ 


poate iaee eed t 
J wae e nee ww een ene { %S 
fogvrvyvV 4 I i as 
frericcni { t 
'o f N wa t OP te 
fewri---?' LE 'D 
1°01 I ! 1 
t+erri T ft i { 

{ 1 


The first digit specifies a literal operand. 
V specifies variable or fixed-tength operand. 
N specifies numeric or string operand. 


‘T is the types selecting the appropriate ro from the 
table in section 3.5. 


L is the Length of the literal in digits. 
Dis the first digit of data in the literal. 


“The number of extension. syllables which foltow is 
determined ov the formula (CL-1)} NIV 4). 
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REGISTER CREG) 


1 
t 
io NE i 
Perrdeerrt RUL 
Tit ! i 
t---1 T 1 { 
tot | | 


The first digit indicates that this is a register 
operand. _ 

V> N and T are'the same as for LIT. 

L is the Lenath of the operand in digits. 


R specifies which one of the 1&6 yenerat-purpose 
registers contains the operand. , 


No Extension Syllables follow. 


+ totrve ! 
. fas l-s4 
tount 
[ssote=-4 L 
tis { 


The first digit indicates that this is a top-of-stack 
operand. ‘ 


V> N and T are the same as for LIT. 
L is the Length of the operand in digits. 


The address is assumed to be the current top of the 
procedure call stack. Use of this form causes the TOS 
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‘- TOP“OF“STACK CTOS) (Continued) 
pointer to be incremented past the end 9 the operand 
(TOS := TOS * Ld. : 
No Extension Syllables follow. 
REFERENCE CREF) 
Leateosee-s5e5e Sesercerses=e=s6 i 
(vit ! I 1 J 1 1 { 
ani: Fame ] 1 { 
a 1 1 ' I 
Ioeeiserh of. A EXe< 1: S88) 24 
FX ft i t ] { 
peer ort ! 1 t 
ist of 1 ' t 1 ! 1 
[eaen ens asek-s-e--nene moet en enna i 
Both V and N may not be zero. 
Each of L» IX and SG may or may not be present. Thus 


eight possible formats exists of one» twor three or 
four bytes in Length. 


X specifies the presence of the IX Field. 

S specifies the presence of the S&S Field. 

V specifies the presence of the L Field as well as 
specifying whether the operand is variable or fixed 
Length. ‘ 

N» YT and L are the same as for TOS.) 


E specifies the Environment (see section 3.1). 


IX specifies the indexing or indirection Csee section 
3242224). 


SG specifies the s2qgment number. 


The number of Extension Syllables is variable (see 
SECtION 324.27.2). 
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Each Extension Sytlable for a Literal operand is of the 
form: ; : 


> et ue Gm RN a Oth 
i] 
— oom a ae oe 


Extensions for Reference operands may be of type Addresse 
Segment» Offsets Length or Extension. Extension Syllables 
are fetched repeatedly until an Address sytlable is 
encountered. 


ADDRESS CADDR) 


ee ee ee ee) 
> 
jw] 
iw] 
ad 
—_ oo te my 


If the first digit of a Reference Extension is 0 
through 9» the type is Address» and contains a_i full 
four digits of address specification. This address is 
relative to the context established by the rest of the 
Sperand Description. 
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SEGMENT (SEG) EXTENSION 
[nese een rnnn---- 1 


a a 
l---1 


A first digit of hex "8! specifies that the ‘ixtension 
is a Seoment type. > 5. 


SEG field specifies the segment number and overides the 
S fteld of the Primary Syllable. 


OFFSET COFFS) EXTENSTON 


festessSese<ss== I 
id I a | { 
lessi t 
1.1 s I 
Lord OF=§ 1 
tot 1 
I--~1 1 
'of 1 { i 
[sss <-sSSse<5=) 


A first digit of hex 'C* specifies that the Extension 
is an Offset type. 


OFFS field specifies three digits of offset to be added 
to the address after all indirection has taken places. 


06/30/75 


THE STRUCTURE OF THE 4S-3 S=4ACHINE 


A 29 


LENGTH CLGTH) EXTENSION 


{------- w-------1 
tit boat 
t---1 I 
11s t 
I-~-1 LGTi ot 
to! i 
i---1 i 
rit ot 4 4 
Etatatatataated aiatataatad | 


A first digit of hex '"5* specifies that the Extension 
is a Length type. , ; 


LETH field specifies three digits of operand length. 


Values of V and N are set to V = i+ N = 0 reqardtess of 
the values svecified in the Primary Syltable. The 
value of the LGTH field overrides the tL field of the 
Primary Syllable. 


FIELD EXTENSION CEXTH) 


Pit ¢t 4 
fens 

111 

i---1 EXT’ 
rut 

i=--/] an 
rit 4 


= as oe om ee 


A first digit of hex *F* specifies that the Extension 
syllable is a Field Extension type. 


EXTN field svnecifies three digits which are to ne used 
as the high-order digits of the Extension Syllable 
which immediately follows this syltabte. 


EXTN may precede the ADDR» OFFS» or LGTH syllables. 


3e4e2-3 


Se4e204 
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Indirect Length 


Indirect Length may be specified in the L field of either a 
TOS or REF onerand.j The format is as follows: 


t 
i 
! 
i---91 Rt 
{ t. i 
i 

t { f 
1 


{ wee ae a as 


The two high-order bits of the first digit specify that 
Length indirection is to be used. 


R specifies one of the generat purpose registers which 
will contain the actual Length to be used. The entire 
register is used Cexcluding sign)» but the tength is 
checked against th2 maximum allowed for the specified 
data type. 


Indirect Addressing And Indexing (ftX Field) 
The presence of an IX fieid in the Primary Sytiabie aitows 


specification of indirect addressing and/or indexing. The 
IX. field is formatted as follows: ; 


[= 1 specifies that indirect addressing is to be 
apolied. : 


X = 1 specifies that indexing is to be applied. 


R specifies one of the general-purpose registers which 
is to be used for an index value. 
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3e4e2e4 Indirect Addressing And Indexing CIX Field) (Continued) 


P specifies ocretindexing or postctindexing. If P = 0O 
Cpre~indexing) the contents of the specified register 
are added to the address of the operand before any 
_ indtrect address fetch takes place. If P = 1 
-Cpost-indexing) the contents of the specified register 
are added to the final address of the operand after alt 
indirection has been resolved. 


When indirect addressing is specified» the operand address 
references a memory Location from which an operand 
description is to be fetched (Primary Syttlable and 
Extension Syllables). The specified Location must be = an 
even address. All formats and requirements for Operand 
Descriptions in an tnstruction apply to indirectly fetched 
Operand Descriptions as well. 


325 
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DATA TYPES 


The following data types are orimitive to the S-Machine. 
The column of the table is selected based on the V and N 
bits of an operand description and the row is specified by 
the type field of the same operand description. 


1 Type § String ! Variable 1 Fixed 1 
1 code | - |? Numeric t Numeric ! 
| 7 4 , I I { 
I t V=t,-N=01 V=1,N=1 1 WV=OrN=1 $ 
Peer ecalartece-= =| ee ee ee { wauwwanaan 1 
| 0 { HX { UN i RS ! 
{ 1 1 * { SN I Fi ! 
i 2 | CH { UD { RD } 
1 3 { « | SD { null { 
[Sess $ SS sSSse S962 S25 SSS see —e Ses ena ss { 
Where « means illegal type. 
General characteristics are: 
String 
_Left justifications naddina with blanks» riaqht 


truncation and no data checking. 

Variable Numeric 
Right justification> padding with zeros» no store on 
overflow and data is validated. The maximum allowable 
fietd tength for arithmetic operations is twenty units. 


Fixed Numeric 


No store on cverfton. 
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DATA TYPES (Sontinued) 
The data type may be "nutl™ in any of severat cases? 
a) The operator requires only an address. 


b) The type and tength is specified at a prior or 
subsequent Level in a chain of indirect addrasses. 


c) The type and length of a previous operand is to be used. 


The following subsets of the data types are referenced 
coliectively in this document: 


string (€S) = HX> CH 
numeric (NN) = UN» UDs SN» SDs FIs» RS» RD 
_floating~point (R) = RSr RD 
integer (1) = UN> UDs SN» SD, FI 
Signed-integer = SNe SDer FI 
unsigned-integer = UN, UD 

eight-(bit = UDs+ SD» CH 
four~bit = UN» SN» FEse RS» RDe HX 
eight-bit numeric = UD» 59 

four-bit numeric = UN» SNe FE> RS» RD 
four-bit integer = 


UN» SN» FI 


32522 


32523 | 


32504 
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Unsigned Numeric CUN) 


Four-bit units which.may contain onty 8CD values 90 through 
9. Used onty for arithmetic operattionsr the vatidity of 
the BCG digits is checked, the number is considered to be 
right justified and there is no store on an sverflow 
condition. The maximum length is 20 digtts. 


Signed Numeric CSN) 


Four-bit untts where the leftmost unit 1s interpreted as: 
C = pluses 0 = minuse other values are -illegat. The 
rewaining units are the same as UN. The maximum Length is 
20 digits plus the sign digit (21 digits totat). 


Unsigned Display (UD) 


Eight bit units which may onty contain EPRCDIC codes for 
zero through nine» except that leading blanks are treated 
as zeros. Used onty for arithmetic operationss the = units 
are validated to o2e "FO" through "F9"%, the nunber is 
considered to be right justified and there is no store on 
an overflow condition. The maximum length is 20 units. 


Signed Display (SD) 


The same as UD» except that the high-order four bits (zone) 


of the leftmost unit is treated the same as the teftmost 


unit in SN. The maximum Length is 20 units. 


Hexadecimal (HX) 


Four-bit units. Used onty for string manipulation 
cperationsse atl bit combinations are valide the contents 
are left justified in the field and truncation occurs from 
the right. The maximum Length is memory size. 


325-6 
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Character (CH) 


Eight-bit units. Has the same characteristics as HXe 


Integer CFI) 


The same as SN except that the nunber of untts Clenjth) is 
fixed at 9 digrtts plus the sign digit (10 digits total - 
the same size as the index registers). 


Single Precision Real (2S) 


This is a unit with one bit signs for the mantissa and 
exponent (0 = pluss 1 = minus)» a Six bit exponent Cbinary 
power of 10} and the next eight diyits ere a BCD mantissa. 
The decimal point is asstumed to te to the teft of the 
mantissa. The mantissa is validated to ensure that it 
contains 3CD digits only. The total length is ten digits. 


Double Precision Real (29) 


The same as RS except that the mantissa is 18 BCD digits. 
The total tength is 20 digits. 


3.601 


3e6e1.1 
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Fault Structure 


Fauits are defined to be exception conditions which can be 
blamed on the currently runnina process. Atl are handled 
by: 


1) Generating a MSCW. 


' 2) Inserting one and oossibly two paraneters into the STK. 


The first parameter tdentifies the fault. The second 
parameter is specific to the kind of fault (see the 
description of the Absent fautt). 


3) Performing an ENTER to a standard entry point for the 
type of fault (e.ger PSSD> 3). 


Absent Descriptor Fault 


This fault occurs if fetch trips across a segment 
descriptor wtth a usag2 type of Absent. 


The parameters are: 


1) An indication that this is an absent descriptor fault. 


-2) A COPY descriptor which identifies the offensive 


Segment dictionary entry (this goes in the STK» not the 
POSD}. 


Interrupt Structure 


See section 4.1.7. 
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3.7 INPUT/GUTPUT STRUCTURE 


See section 4&-1e7-. 


06/30/75 


THE STRUCTURE OF THE 4S-3 S=MACHINE 


A 3B 


INSTRUCTION SET 


The following abbreviations are used for " operands in 
instruction descriotions: 


Oils G2 eee any. operands 

Sl» $2 aee string operands 
Nive N2 eee numeric operands 
Rl»e R2 wae real overands 
Tis T2 we. table aperands 
Al» A2 «ee address operands 


Operand types are checked to validate that they are in the 
appropriate subset allowed for an instruction. 


Tabie 4-1 describes the conversions which take place 
between operands of different data types. When on operand 
is a sending (SND) field and one a receiving (RCV) field, 
the sending operand tyne is converted into the receiving 
operand type. When two operands are both sending. fields» 
the internal type conversion for an operation is made as 
follows: 


a) data type precedence is UN» UD» FIs SN» SDs Se RD> 
HX» CH 


b) the operand whose type is to the left is converted 
to the type of the other operand. : 


Instructions which use different types for special purposes 
(dit manipulations exponent manipulations snifts, etc.) are 
treated as specified in the instruction description. 


No receiving field nay overlap any sending field. 
The codes used in Table 4-1 have the following meanings: 


overflow protection (no store) 
float 

nortalize 

right justify 

Left justify» right truncation 
truncate fractional part 

pad with blanks 

pad with zeros. 

Sign is LIcst 


ON OH ase TNO 
nou how ww won 
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INSTRUCTION SET (Continued) 


zones are stripped 

zones are set to ‘'F* 

sign is set to otus 

BCD check on appropriate fields 


Oto 
now od 
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INSTRUCTION SET (Continued) 


{ 
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TABLE 4-1. The Inmptied Type Conversions For Move Operations. 
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INSTRUCTION SET (Continued) 
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TABLE 4-1 Ccontinued). 
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PROCESS SEQUENCE CONTRIL 


A Process Stack (STK) is maintained as seqment zero of the 
process static segment dictionary. Within this segment, 
the S"Machin2 provides a local Cpseudo) environment. 
Procedure calf and return operations change the tocat 
environment. Two S-Machine registers are used to define 
this tocal environment. 


The Locat (L) register identifies the base of the currently 
valid Locat environment. The L rejgister value is always 
even (i.se.» a byte address). 


The Stack (S$) register identifies the first avaitable cell 
in the Process Stack. It is a digit address. 


A third S=Machine register,» the History a historical 
mame) register is used in procedure cal reference the 
most recent history information. 


Figure 4-1 illustrates the partioning of the Process Stack. 
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ee 


p { 
AYR ALIS 


FIGURE 4-1. The Process Stack. 
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HISTORY 


The information pointed to by the L and F registers’ is ten 
digits Cone word) of history information. This information 
is placed tin the STK by the Marke-stack (CMKST) operator as 


the first instruction in the procedure call sequence. The 
history word allows the S-Machine to recover the proper 


(previous) State following a Procedure-return (CEXIT) 
instruction. ; 


PARAMETERS 


The next area in the tocat environment contains any 
parameters passed to the procedure. Such ‘parameters are 
placed in the stack by operations which specify the 
top-rof-stack type destination operand. Parameters may also 
cause information to be placed in the process dynamic 
segment dictionary (P9SD). 


LOCALS 


The third area in a tocat environment may contain Locat 
storage for the procedure. 


THE PROCESS DYNAMIC SEGMENT DICTIONARY 


In order to pass parameters by reference Caddress) in a 
secure fashion» the PDSD is used. The PDSD operates in a 
stack Like nanners information is entered as a result. of 
the Push=name (STUFF) and Procedure=catll CENTER) operators 
and is removed ov the EXIT operator. The PDSD is word 
oriented and data is aktways on word (modulo 10 digit) 
boundaries. The S-Machine naintains a Name (N) register to 
the first free word in the PDSD. Figure 4-2 itkustrates 
the PDSD. 
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THE PROCESS iia aha SEGMENT DICTIONARY CContinued) 


PDSD 


y 


e 


FIGURE 4-2. The Process Dynamic Segment Dictionary. 
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PROCEDURE CALL SEQUENCE 


The normal procedure call consists of: 


1) Executing a “KST operator to record appropriate history 
information (CF and S will be changed). 


2) Suild parameters in the Process Stack (S and possibly N 
will be changed). 


3) Execute an ENTER operators soecifying where to transfer 


control. ENTER wttt record necessary return 
information and establish a new tocal environment. 


Mark-stack 


nnn nwnam eae 


“HKST 
The MKST operator causas a word (10 digits) of history 
information to be entered into the Process Stack. The § 
and F registers are cnanged. 


ST". History Word (Markstack Control Word ~ MSCW) Format 


== 5 9 

| nanan nnn nn nnn nnn nnn ne nee --- warecene- 
! ? e t bf i t t 8 e I 
tsi N i DL t 
1 4 { 1 


S$ = State Bits 


The etght~bit contains the Mark Stack Flag (MSF). The 
MSF is set by a MKST operator and reset by an ENTER 
operator. This flag is used during an ZXIT operation. 


The fours tuo and one-bits are reserved. 


N = PDSD Pointer 


This four digit field contains the value of the N 
register at the instant of the MKST operation. CSince 


N is a word address-r useful POSDs are Limited to 99990 
digits in size.) : 
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4el-2 Mark-stack (Continued) 


DL= Dynamic Link 


This link tells how to find the immediately preceding 

MSCW and how to reset S and F. Since MSCWs are to be 

on an even address» but S might be odd at the time the 

MKST is 2xecuteds sone adjustnent is performed. The 

new vatue of fF is to be S rounded uo to a byte boundary... 
Cie.» S plus the low order bit of S = call it Sr). 

Sr-F is stored in the OL field. The loa order dit of § 

atso nas to ne kept (T3838). Local environments are thus 

Limited to 99998 digits. 


The sequence of steps is: 
1) Lay down the MSCW at Sr. 
2) F := Sr 
$ t= F # 10 
3) MSF is s3t 


The PDSD is not affected. Figure 4-3 itlustrates the mark 
Stack sequence. 
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401.2 Mark-stack (Continued) 


STK 
Betore MKST 


Parameters 


After 


FIGURE 4°3. The Mark Stack Seouence. 
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Parameter Building Notzs: 


The F register always references the most recent MSCWr 
addressing» howevers is performed relative to the L 

register. Thus data items within the current tocal 

environment are addressed as before and nay be passed. 
-aS parameters. 


Parameters may be placed in the Process Stack above the 
history information by using the Top-Of-Stack address 
type as the destination cperand. S ts adjusted and 
checked for stack overflonr. 


If parameters are passed by referencee data may aiso be 
antered into the POSD and N will be adiusted. 


Figure 474 itlustrates a repeated 4KST operation and 
parameter insertion before an ENTER operation is performed. 
This situation would arise naturally in case of a procedure 
catl» one of whose parameters was the result of a function 
calt. 
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STK | — -PDSD 


Rea meters 


Fa TR TV et ers 


MSF Set 


FIGURE 474. A Process Stack With Un-Entered MSCWs. 
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Procedure~call 
ENTER Al 
An ENTER operator is executed after any procedure 


parameters have heen placed in the STK to: 
1) Record the necessary return information. 


2) Adjust the local environment ands if necessary» the 
module data and code environments. 


3) Transfer controt to the specified address CAI). 


The ENTER operator's single operand specifies the tocation 
to which execution control is to be transfered. 


The sequence of operations is? 
1) Operand fetch. 

2) Return infornation storage. 
3) Environment updating. 


4) Transfer of control. 


' Operand Fetch 


A transfer address may be specified in one of two wayss 


a) by a simple address (segment numoders offset) 
b) by an entry point pair. 


Both of these forms might be preceded by various amounts of 
indirection. The net result of operand fetch will be a 
code segment and offset. If an entry point is -discovered> 
new code and data environments are specified as well. 


Return Information 


After operand fetch» two words of return information are 
deposited in the PDS). at N and N+t1. N is set to Nt2. The 
format of these Re-entry Control Words (RChS) is exactly 
that of an entry point pair (segment descriptor types EPIL 
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Procedure-call (flentinued) 


and ©P2) containing information appropriate to the current 
state of the S-Machine. Namely» the code and data segment 
dictionary SS9Xs and the segment number and offset within 
the code stream of the next instruction foitowing the 
ENTER. 


Environment Updating 


if in the course of operand fetch» an entry point 


descriptor was encountered» the code and data environments 
are changed to those specified in the entry: point. The 
final sequence before transfering control is: 


1) L s=F 

2} MSF is reset 

Transfer of Control 

Control passes to the address generated as the result of 
fetch Ci.e.» this address identifies the next code to 


fetch). Figure 4-5 illustrates the Process Stack state 
fotlowing an ENTER operation. 
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Procedureccalt (fontinued) 


Rrameters 


Rrarneters 
{ 
fae ee ea 
Locals, 
Parameters 


0 | N Sr- F = 


MSF Reset 


e 


FIGURE 4-5. The Process Stack After An ENTER Operation. 
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Procedure-return 


EXIT 


It is EXIT's responsibility to restore the state of the 
caller. 


a) The RCWs at N-2 and N-1 are evaluated to: 
1) establish the new code address 


2) deternine if the csode and data environments 
must be changed (i.e.» if the SSDXs in the 
RCHs differ from the current processor values) 


Note: The state of the S-Machine should not be 
changed until this evaluation is complete. 
Absent descriotors night be entountered in the 
process. It is necessary to ensure that the 
proper machine state 15 available. The same 
concept applies during ENTER operand fetches. 


b) The appropriate state of the S-Machine is restored fro 
EPL and EP2 (t.e.% the RCWs). 


ec} The appropriate state of the STK and PDSD is restored as 


follows: 


1) ‘the word. pointed to by the L register is 
_ accessed Ci.ee.» this is the MSCW corresponding 
to the current tocal environment ) 


2) the N €P3S)9) pointer is set to the value in 
the MSCH 
3) Fo os= L = MSCH.DL 


S := F = Codd/feven bit) 
4) bt s= ~L = MSCH.DL 


if ‘the HSDW.MSF bit is set then pick up. the 
MSCU now pointed to by L and repeat step four 
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Procedurecreturn C€Continued) 


d} Centrolt is passed to the code address generated from EP1 
and EP2. 


Figure 4-6 itlustrates. the state of the STK and PDSD after 
this operation. 
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&21.3 Proceduremreturn (Continued) 


Stk PD SD 


Parameters 


Local Si 
Paremeiers 


MSF Set 


FIGURE 4°76. The Process Stack After An Cxit Operation. 
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Condittionat-exit 


BRANCH AL 
A branch .to an entry point operates just tike the 
corresponding portion of an ENTER operation. In addition a 
condition may have to be evaluated. 


The main difference between ENTER and SRANTH ts that no 
history information is saved for BRANCH. 


The sequence of operations is: 
1) Operand fetch. 
2) Environment updating. 
3) Transfer of control. 
Operand Fetch | : 
A transfer address may be soecified in one of two ways? 
'a) by a simpte address (segment numbers offset) 
b}) by an entry point pair. 
Both of pags forms might be preceded by various amounts of 
indirection. The net result of operang fetch witk be a 
code segnent and offset. If an entry pcint is discovered, 


a new code and data environment are specified as well. 


Environment Updating 


If in the course 3f operand fetche an entry point 
descriptor was encountered the code and data environments 
are changed to those specified in the entry point. 


Transfer Of Control 


Control passes to the address generated as the result of 
fetch. ; 


Conditional 3ranches 


Branch-tSS 
Branch-LEQ 
Branch-EQL 
B8ranch-NEQ 
Branch-GE£Q 
Branch-GTR 
Branch-on-over flow 


Sranch-on-no~over flow 
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Process Control And Coordination And Processor AlLlLocation 


For process controt and coordination and = processor 
allocation there extsts a Master Controltlter (MC). The MC 
coordinates process execution via a bit vector designated 
the Ready Vector. Tha bits in this Ready Vector are 
uniquely assigneds in priority order» to Primary and 
Supplemental Processes. ; 


A Primary Process is one which specifies the execution of a 
sequence of processor instructions. A Primary Process has 
a Process State. Record (PSR) which contains (Cdirectly 
and/or by reference) the environment in which’ those 
instructions are executed. 


A Supplemental Process ts primarily a queuing device. A 
Supplemental Process has a Control Stock (C3) whose normal 
usage is to record the occurance of an external event Csuch 
as the completion of an I/0 process or the timeout of the 
interval timer)s» so that a Primary Process nay synchronize 
itself with reality. ; 


There also exists a Prsecess~Control Vector (C€PCVY3- indexed 
in paraltel with the Ready Vectore which tLocates’ the 
Process Record or Controt 3tock»s identifies tne orocess 
type and gives the Running Priority, of the process. 


- The processor has the following registers accessible by the 


MCs 

PRI The index in the Ready Vector and PCY of the process 
currently being executed. 

RPR The Running Priority of the process currently being 


executed. (This is not necessarily the same value as 
in PRI.) 


&ele7et 
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Master Controller Commands 


The MC accepts the following commands from the processor: 


1) Activate Process ne 
2) Wait. 
3) Yietd To Process n. 


The MC also accepts the "Activate Process n™ command. from 
the I/0 Subsystem and from the (€nterval Timer ore if the MC 
is a part of the 1/0 Subsystems it may cause this action 
itself. , 


START Ni 


The Process-Number» Ni» is compared to the processor's RPR 
register. If Ni is not greater than RP&s. bit N1 is set in 
the Ready Vector and the operation ts complete. Gtherwises 
the processor ts commanded to Goctortidler tha bit in the 
Ready Vector for the processor's current process (given 93y 
the PRI register) is sets the value Ni is placed into PRI» 
and the processor ts commanded to -comnence execution of 
that process. 


WAIT. 


WAIT 


The processor is commanded to Gortoridte. The Ready Vector 
is examined, starting at the pit corresononding to the value 
in RPR and proceeding towards bit zeror until a dit is 
found to be ON or it is determined that alt hits are OFF. 
In the tatter cases RPR and PRI are set to "™-1" and the 
operation is conplete. Otherwiser, the index of the 
highest-nunbered bit that is JN is determined and placed 
into PRI» the bit is reset» and the processor is commanded 
to commence execution of that process. 


heleFad 


06730775 


THE STRUCTURE OF THE HS-3 S~MACHINE 


A 61 
YIELD-TO~PROCESS 
YIELDTO Ni 
The processor is commanded to Gocto*idle. If Ni is not 


tess than the vatue in RPR» then Ni is olaced into PRI» and 
the processor is connanded to commence execution of that 
process» and the operation 1s complete. Otherwise» the bit 
in the Ready Vector for process Ni 1s set» and the Ready 
Vector is exaninedsr Starting at the bit corresponding to 
the value in RPR and proceeding towards bit zeror until a 
bit is found that is on. The number of that bit (which is 
not less than N1) is placed into PRir the bit is resets and 
the processor is commanded to commence execution. 


Processer Commands 


The NC can cause the processor to 


1) Leave its current process and idle. 
2). Execute the process identified by PRI. 


3) Set PRI. 


The Go-to-idle command causes the processor to update the 


PSR of the process being executed and wait for a further 
command. 


EXECUTE=PROC=ISS 


EXECUTE 


The processor reacts to the Execute-nrocess command by 
accessing thea PCV entry for the process indexed by PRI> 


setting RPR to the value in the PCV entry» and identifyina 
the Process Type. 
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EXECUTE~PROC=ISS CCont tinued) 


anne econ ewe eae eee 


If it is a Primary Process» its PSR is absorbed = and 
executeds otherwise it is a Suoptemental Process and its CB 
is accessed. A “released™ bit is set and a “notify™ bit is 
examined. If the "notify™ bit is ON- a Yield-to-orocess on 
is executede where the contents of an "owner" fieid 
supplies the value for nw If the “"notify™ bit is OFF, a 
Wait is executed. * 


SET-PRI 
watecn= 


SETPRI 
The Set-PRI command causes the processor to insert a vatue 


into. its PRI ragister. This command must occur only after 
a Gorto-idile command or at processor initialization. 
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ARITHMETIC 


ALL 


arithmetic operators allow as operands any numeric data 


types» in any conbination. Conversions are imptied by the 


use 


ad 


b) 
c). 
d) 


e) 


Add 


Add- 


Add 


of mixed typ2s. 

The use of an integer sending field with a real sending 
field impties an internat conversion of the integer 
operand to floating point representation. 


If the receiving field 1s real» any result stored is 
normalized» regardless of input types. 


Any fractional part of a result is lost if the 
receiving field is integer. 


The sign of an unstgned integer sending field is 
assumed to be positive. 


The sian of a result is not stored if the receiving 
field is unsigned. : 


The toggles are set te indicate the sign of the result» 


whether the sign 1S stored or not. Low means negative, 
equal means a zero result and high teans positive. 


ADD Nive N2»> N3 
Nl to N2»° result in N3. 


one 


ADO Nis WN2 


one to Ni» resutt in N2. 


Increment 


INCR Nile N2. 
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Increment (Continued) 


Add N1 to N2s result tn N2. 


Incrementby-one 


INCL Ni 
Add one to Nt» resutt in Nl. 


Subtract 


SUBT Nie N2* N3 
Subtract Ni from N@» result in N3. 


Subtract-one 


_ SUBL Nis N2 


Subtract one from Nir result in N2. 


Decrement 


DECR Nie N2 
Subtract Ni from N2> result in N?. 


Decrement7by~one — 


OECL Ni 
Subtract one fron Nis result in Ni. 


Multiply Ctwo forms) 


HPY Nis N2 
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Multiply (two forms) (Continued) 


Multiply Ni times N2» result in N2. 
NULT Nis N2» N3 
Multiply N1 times N2» result in N3. 


Divide (two forms) 


DIV Ni» N2 

Divide Nl into N2» result in N2. 
DIVD Nis N25 N3 

Divide Ni into N2» result in N3. 


Remainder-divide 


‘MOD Nise N2s N3 
Divide Ni into N2s remainder in N3. 


Double Ctwo forms) 


DSL Ni 

Add Ni to Nir result in N1. 
DUBL Ni» N2 

Add Ni to Nl» result in N2. 


Halve (two forms) 


HLF Ni 
Divide NI by 2+ result in Ni. 


HALF Nir N2 
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Halve Ctwo forms) (Continued) 


Divide Ni by 2» result in N2. 


Absotute-value (two forms) 


ABS Ni 
Set N1 to its absolute value. 
ABSV Ni» N2 


Move the absolute values of Ni to N2. 


Negate (two forms) 


NEG Ni 
Set Nl to its additive inverse. 
NE GT Ni» N2 


Move the additive inverse of Ni to N2. 
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And (two foras) 


AND Si» $2 
Logically AND the units of Si with the units of 
In $2. 

LAND Sir S2e $3 


Logicatly AND the units of Si with the units of 


in S3. 


Or (two forms) 


OR Sir 82 


Logically OR the units of $1 with the units 
in S2. , 


LOR Sir S2e S3 


Logicaiiy OR the units of Si with the units 
in S3. 


Exclustve-or (two forms) 


XGR Sls $2 


Logicattly exclusive-OR the units of Si with 
$2» result in S2. 


EXOR Sle S2e 33 


Logicatly exclusive-08 the units of Si with 
S2» result in S3. 


of 


the 


the 


S52 


S2>» 


S25 
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result 


result 


result 


result 


units of 


units of 
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4e5e4 Not Ctwo forns) 


NOT St 
Logically negat® the units of Si» result in St. 
NOT Sl» S2 


Logicatly negate the units of Si» result in $2. 


& 
¢ 
Pod 
‘ 
Pi 
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RELATIONAL 


Compare 


CMPR Bie 02 


Set the comparison flip-flops to indicate the relation of 
QL to Oc. 


Comparecunder~t able 


CMPTBL Sir T2r 03 


Set the comparison flip-flops to indicate the relation of 


O01 to G3 relative to table Te. 


Coapare-with-z2ro 


CMPZRO Ot 


Set the cemparison flip-flops to indicate the relation of 
Bi to zera. 


CLASS = CHI 


Set the condition flip-flops to indicate whether the value 
of CH1 ts numeric» alphanumeric or alphabetic. 


Range-compare 


RANGE Dlr 02> 93 


Set the comparison ftip-floos to indicate the relation of 
O2 to the range specified by O1 and O03. 


4.4.6 
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Bounds-check (two forms) 


CHCK Dir 02 
Cause a program fault if O1 is greater than O02. 
CHECK Dir O02» 03 
Set the comparison flip-flops to indicate the relation of. 


G2 to to the range specified by O1 and O03 and cause a 
program fault if 02 is less than 01 or greater than 03. 
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OPERAND MANIPULATE 


Clear 


CLEAR O01 
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A 


Fitt 01 with the appropriate padding unit. 


Push~operand 


PUSH D1 


Move 


MOVE Di» 027 
Set 02 to the value cf O1. 


Moverright-justified 


-Right justify the value of O1 in $2. 


Move-data 


MOVED Ol» O2r 93 


Move data fron O1 to O2>s 


Length 
conversions. 


Moverrepeat 


SMEAR Oils» O02 


is (03 - 


Hove G1 to the top of the Process Stack. 


02). 


Repeat the contents of O1 throughout O2. 


71 


No 


haSe7 


NeSe 10 


beSell 


4.5212 


Edit 


EDIT di» CH2, 
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Hove O01 to S3 using the micro-instruction string in CH2. 


Scan ~string-match 


SCANEOL Sl» S2 


Scan $2 for the first 


$1. 


Scan-string-no-aatch 


 SCANNE@ Sle $2 


Scan $2 for the first 


to $i. 


Scan~set-manber 


SCANSET Sis» T2 


Scan $1 for the first 


in table T?. 


Search-setrof-records 


SEARCH Ole O2> 


occurrence 


occurrence 


occurrance 


RSS 2 


' Search a set of records starting 


Cl» according to the information 


Translate 


XLATE Sis T2>» 


33 


of 


of 


of 


at 
at 


a substring equal to 


a substring not equal 


a unit 


G2 for 


Ade 


Transtate $1 through table T2 into $3. 


whose bit is ON 


a comparison to 


4.5213 


adel’ 


4e5e015 


%$.5216 
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Shift-units-right (two forms). 


SHFTUR Nis S2 . 
Shift S2 right by Ni units, result in S82. 
“SHIFTUR Ni» S2>» 53 
Shift S2 right by Nl unitss result in S3. 


Shiftcunits-left €two forms) 


SHFTUL Nil» $2 

Shift S2 left by N1 sag ten esate in S2. 
“SHIFTUL Nir S2- $3 

Shift $2 Left by Ni units» result in $3. 


Shift-bits-right (two forms) 


SHFTBR Nile HX2 

Shift HX2 right by Ni bitss result in 4X2. 
SHIFTBR Ni» HX26 HX3 

Shift Hx2 right by Ni bitse result in oe 


Shift-bits-lLeft Ctwo foras) 


SHFTBL Nile HX2 
Shift HX2 left by Ni bits» result in HX2. 
SHIFTBL Nir HX2>+ 4AX3 


Shift Hx2 left by N1 bits» result in HX3. 


4.26.3 
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POINTER MANIPULATE 


Constructcaddress 


ADDR Dire A2 


Place at address A2 an operand reference to Gi»s with aii 
indirection and indexing resolved. 


Push-address 


PUSHADR 1 


Place on the top of the stack an operand reference to Ol» 
with atl indirection and indexing resolved. 


Push-name (STUFF) 


PUSHNAM D1 
The same as PUSHADR» but also place into the process 


dynamic segment dictionary a descriptor Teferencing the 
Segment in which O01 resides. 
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BIT MANIPULATE 

These operators access a particular bit within a hex field. 
The bits of a field are considered to be  numbdered 
high-order to lowrorders with the high-order bit of the 
high-order unit being bit zero and the following dits being 
l> 20 32 4e oe nmi Cwhere n is the number of bits in the 
hex field). Bit indices which are negative or which 
reference a bit beyond the end of the hex field cause a 
fault. 


Set-bit - 


SET Nis HX2 
Set the Nitth bit of HX2 to TRUE. 


Reset-bit 


RSET Nie HX2 
Reset the Ni'tth bit of HX2 to FALSE. 


Complement-bit 


| “FLIP 9 Ni» HX2 
Complement the Nifth bit of 4X2. 


Test-bit 


TEST Nip HX2 


Set the condition flip-flops to indicate whether the NLifth 
bit of HX2 is TRUE or FALSE. 
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4.8 EXPONENT MANIPULATE 
4.6.1 Set~exponent 
SE TX NE» R2 


Convert Ni to binary and insert the value in ‘the exponent | 
field of 82. 


4eBe2 Increment~exponent 


INCX Nir R2 


Convert Ni to binary and add the value to the exponent 
field of R2. 


42803 Add-to~exponent 


ADDX Nip R2, 3 


Convert Ni to binary and add the value to the exponent 
field of 82, store the resulting real number in R3. 


HBA Convert ~-exponent-decimal 


_ evrx Ris N2 


Convert the exponent of R1 to decimal and store the result 
in N2. : 
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MISCELLANEOUS 


Initiate 1/9 


Resetroverflonu-flip-flop- 


CO 


Reset the arithmetic overflow indicator toggle. 


Set-condition-flip-flops 


0 Oe oe ee oe on ee oe ee eo ee es ee ae ee 


SETCOND Nt 


Set the comparison indicator toggles to the value indicated 


by Ni. 


EVENT Nis A2 


If the event class bit specified by Ni is not TRUE in the 
Process State Records branch to address A2. 


Monitor 


MONITOR O12 


Make the information in 01 available on the "*backplane”™ for, 
physical monitoring. 


Read Timer 


Set fimer 
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COMPATIBILITY MODE 


This section specifies the differences in semantics between 
MS~1/MS~2 and MS-3 compatibility mode. 


The following 4S~-2 operators will nast be executed in 
compatibility mode: 


90 BRE Reinstate 
91 SRD Scan Result Descriptor 
92 RAD Read Address 
94 Ita Initiate I/0 
95 RDT Read Timer , 
56 RCT Read and Clear Timer 
a7 STYT Set Timer 

Load Initialization 


ALt Snap operations 


ALt cther operations will be executed in the same way» 
giving the same answers» with the following exceptions: 


ae Operations on undigits which give unspecified results 
on MS~is MS<25 will give unspecified results in M5<3 
compatibility mode. 

be OQperations involving overlapping fields teading to 
unspecified results on MS71>» MS~2>» wilt give 
unspecified results in MS-3 compatidsility mode. 


Ce MSwi> MS~2 data alignment reauirements will be the same 
in MS-3 compatibility mode. 


do Normal state programs onty will be supported. 
COMPATIBILITY MODE PROCESS STRUCTURE 


The highest tevel module only of a process may run in 
compatibility mode. fFhat is» no compatibility mode module 


may be called by another module. Initiation to 
compatibility mode is dependent on information in the 
process state? record (conpatibility mode bit). BCT"'s are 


interpreted as a nodule call to a given CP routine. 
Information is stored on the calt which allows return to 
compatibility mode upon exit. One parameter is passed 
which is the address of the BCT instruction. 
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5el COMPATIBILITY MODE PROCESS STRUCTURE (CContinued) 


While running in compatibility mode» data references are 
considered to be relative to segment zeros of the data 
environmente and code is fetched from segment zero of the 
code environment. It is the responsibility of the MCP to 
insure that these .two segments are identical. Ail 
references by the hardware to program reserved memory Cedit 
masks» index registers» indirect field tengths» etc) are 
relative to segment zero of the data environment. Figure: 
5-1-1 below indicates the cosapatibility mode process 
structure 


i: { { ! 
! ) i i 
{ PROCESS 1 1 COMPAT 1 
‘ t i MODE i 
{f STACK 1 1 MODULE 1 
i { { t 
ne kar >to. i 
‘ it 
1 i 
f i 
ei eae eA mee? BOS oa ee 
t tat iad 1 
eee tio iat 1 
1 i ae batt ' 
Pee ins ees Lone A eee ete —_) 2 Sere | 
' io iad i 
i ee ae CAD hes to Hie bi ON ee ee nate 10 
PROCESS STATIC DATA CODE 
SEGMENT SEGMENT SEGMENT 
DICTIONARY DICTIONARY DICTIONARY 
\. 5bpar REPRESENTATION 


The following modes of data representations 4=bit mode and 
B-bit mode» are defined for uses. 


5.201 
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FOUR“BIT “ODE 


In four "bit modes» data is interpreted in units of 4& bits. 
Where a sign is expected» it is interpreted as a separate 
and tleading 4=nit unit. . 


The internal code in 4-bit mode as interpreted by the 
arithmetic units is as follows: 


wane 


Digit Code 
0000 - 0 
ooot - 
0010 - 
90011 - 
0100 = 
o10t - 
0110.- 
O111 - 
1000 - 
1001 - 
1010 - Undefined« 
1011 = Undefineds 
1100 - Undefined« 
1101 —- Undefined« 
1110 ~ Undefined« 
1111 - Undefined« 


gn Code 


Wan AU WN Oo 


| 


«Undefined - Engineering does not guarantee the consistency 
of results. Use of undigits may not give normat arithmetic 
results. 


When signed 4-bit format is specified in the receiving 
field for any opgrations the sign-digit is set as follows: 


ASCII Mode 4 FBCDIC Mode 
# 1011 #1100 
- 1101 74101 


A plus sign compares as "high" relative to a minus’ sign 
when it is interpreterd as a sign digit. , 
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In eight-bit mode» data is interpreted in units of 8 bits 
unless otherwise specified. : : 


The internat representation of data can be extended binary 
code decimal interchange code CEBCDIC> or an eight bit 
extension of ASCII. 


Conversion petween &obit representration and B-bit 
representation is accomptished automatically during the 
execution of instructions. 


For code sensitive instructions involving numeric datas the 
Most significant four bits of the receiving field are 
automatically set to the code indicating the numeric subdset 
of the selected 8*bit code. These four bits in the case of 
EBCDIC are 1111 and in the case of ASCII are 0161. 


Eight-bit data is considered unsigned except in the case of 
the move alphanumerics move numericer and edit instructions. 
Additional details are given in the description of the 
three instructions. 


-ALL alphanumeric (8-bit) data must start at even addresses. 


If the source field is an odd address» an address error 
will occur. 


Alphanumeric comparisons are binary and thus the (ton to 
high? collating sequence for ESBCDIC is symbols-alphas- 
digits and for ASCII it its symbols-digits<-alphas. 


INSTRUCTION REPRESENTATION 


"Reserved" or “not specified™ bits» digits» or characters 
must be false» and they are reserved for expansion as 
assigned for use solely by 3urroughsts Engineering. 


Invalid bitss digits or characters are recognized by the 
hardware as such and are reported as “invatid™ in the 
Result Descriptor™. 


All fields are addressed most siqnificant digit first 
unless specifically noted otherwise. 
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INSTRUCTION REPRESENTATION (Continued) 


The data fields addressed by the final addresses and their 
related controllers in the descriptor are referred to as. 
the A-field» the B-field» and the C-fieid. 


ALL instructions must start at even addresses. 


Code sensitivity in instructions is based on EBCDIC or 
ASCII (@-bit extension) as determined by a node flip-ftop. 


ALL data for fixed-length arithmetic operands must be Mod 
hee OO 3 


INSTRUCTION FIRMAT 


The processor instructions may vary tn lenght from 4 to 30 
digits with the format as shown belon. The format is also 
Shown when extended addressing is used. An instruction may 
use a mixture of Extended and Non“extended addressina. 


Non~Extended Format Extended Format. 

OP VV ee OP WY 

ap VVVV OP VV¥VY 

OP AAAA OP AAAA 

OP AAAAAA - GP AAAAAAAA 

OP AFBF AAAAAA 838883 © OP AFBF AAAAAAAA 38B8B8BB 


OP AFBF AAAAAA 388888 CCCCCC OP AFBF AAAAAAAA SBBBBBBB CCCCCCCC 


wheres 

GOP = Operator Code 

V = Variant digits 

AF3F = A and 8 field variant digits 

A»sBel = Address of respective data fields 


The instruction format is digit numbereds beginning with 
"Di" for the first digit of the OP code and continuing thru 
"D360". : 


5235-561 
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Two digits (8-bits) identified as DL and D2 are used for 
operator coding. All unassigned OGperator Codes are 
reserved for expansion by Engineering. The occurrence of 
invalid codes or operator sodes requiring non-present 
options is detected and sets an interrupt. 


The Operator Code implies the unextended instructton Lenath 
and additional syllables of the instruction are fetched 
automatically. 


FIELD LENGTH - FORMAT A 


Digits identified as 03% D4» DS» and 396 when specifying 
field length» are timited to decimal disits. Maximum field 
Length ts £00 digits or characters unless otherwise 
specified. 


Indirect Field Lenath = Format A 


indirect Fietd Length for the A fietd is specified by a "1" 
bit tn the two high order bits of D3. Indirect Field 
Length for the 8B field is specified by a "1" bit in the two 
high order bits of 05. If fietd length is determined by 
the concatenation of 03» D4» DS+ and DS. the same rutes 
apply» that is zeros gne» or two segments may be indirect. 
The [Indirect Field Length operation can be carried to any 
depth except infinite. Infinite resutts in a Timeout 
Processor Result Descriptor. 


The base relative address of the Indirect Field Length for 
the A field is specified by the two low order bits of D3 
and the three high order bits of D&. D3 can take on values 
0 to 3 and D4 can take on even values O» 25 4e Ge or Be 
Thus 20 indirect addresses ranging from 00 to 38 are avail- 
able. The address of the Indirect Field Length for the B 
field is simitariy obtained from 05 and 96- The Low order 
bit of D4 and that of 06 are Ignored. Indirect Field 


Length can not be used in address branche exits 
hatt-branche nor tor the mask in bit teste bit sete bit 
reset, nor for fixed- length arithmeticse and 


halt-breakpoint instructions. 


de5e5e2 
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Literals 
AF COnty) 
1115S 4 161 =- Literal Flag 
voce Ay * S72 UN max) 
New Be As * S = SN (5 max) 
ie aie, A * Sf = UA (3 max) 
a ee 


Another use of the AF variant is to indicate that the A 
field of the instruction does not contain an address» but 
instead contains literal data to be usad directly by the 
instruction. This option is indicated when the high order 
bits of digit D3 are "101". The six digits identified as 
D7 thru D012 of the instruction are the operand itsetf and 
net the address indexes address controller» or the address 
of the operand. The Literal is Left justified. 


The length of the Literal is specified by the value of the 
three tow order bits of digit D4. Length is limited to 1 
to 6 for unsigned 4-hit formate 1 to 5 for signed 4-bit 
format» 1 to 3 for 8~bit format and 1 to 2 for ‘fLoating 
Point instructions. The LS8 of D3 and “SB of D4 specify 
these formats as shown below. 


svunme 


LSB of D3 MSB of D4 Meaning 


0 | .0 Unsigned 4-hit Format 
0 4 Signed 4-bit Format 

1 0 88-bit Format 

1 1 Reserved 


Literal capability can be used to obtain the B-field Lenath 


‘white the A address is used as a titeral “if the Length. 


value is 7 for unsigned 4-bit format. 


indirect field length is not to be used with the lLiteral 
Capability for the A-field. : 


The literal capability can be used in the following 
instructions. 


50523562 
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Literals (Continued) 


oP Mnemonic 
Le 01705 INS» ADD» 
SUB» MPY » 
DECs DIV 
2a. 80-83 FAQsFSU> 
FOV, FPM 
3e 10 HVA ; 
he 11 MVN. 
56 14 MYR 
be 69 MYL 
fe 4&5 CPA 
Bo 46 CPN 
Ge &2 AND 
10. 4&3 ORR 
li. 44 NOT 
i2. 16 SDE 
13. 17 SdU 
14. 18 SZE 
15. 19 $ZU 
16. 39 SEA 
17. 37 SLL 
16. 38 SLO. 
Use of the Literal capability 
is itlegal: 
oP Mnemonic 
le 15 TRN 
2e 49 EDT 
3e 40 BZT 
he 41 BoT 
De 31 NTR 
be 12 MVW 
fe 13 MVC 
Be 50 TA) 
51 TAS 
52 Tsu 
53 Iss 
54 IMy 
55 IMS 
oy i IMI 
58 IL9 
59 Ist 
rat) RAA 
71 RAS 


4A 85 


ALL variable-field Length 
arithmetic tnstructions. 


ALL floating ooint instructions 
Mantissa is limited to 2 digits. 
Move alohanumeric 
Move numeric 

Move repeat 

Move Links 
Compare alphanumeric 


Compare 
And 

Or 

Not 
Scan to 
Scan to 
Scan to 
Scan to 
Search 


Search Linked list 
Search tink delink 


numeric 


delimiter 
delimiter 
delimiter 
delimiter 


~ equal 

- unequal 

- zone equal 

“- Zone unequal 


in the following instructions 


Translate 


Edit 


Bit zero test 


Sit one 
Enter 


test 


Move word 
Move and clear word 
Fixed length arithmetic 


a34232 233° 3°93 8 


5050522 


Dede 4el 
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Literals (Continued) 

T2 RSU bad 

73 RSS " 

74 RMU - 

T5 R45 - 

76 ROV es 

(7? ROS * 

78 RLO " 

79 RST 

9. 34 BST Bit set 
10. 33 BRT . Bit reset 
il. - 08 : MVD Move data 
ADDRESSES 
Normally», addressing is non~extended. If Extended 


addressing is desired» the extended function adapter must 
be instatted in the processor. 


Digits identified as address digits are limited to the 
decimal digits 0..9 except as noted in section 5.3.3.2» 
SeZe4ele and 543.4.2. Undigits tn address digits may or 
may not cause invalid errors to be detected 


Non-Extended Fortat 


The Non- 


NonwExtended address format is shown in Figure $.3.4e1 
where direct addressing capability ts from 900-099 through 
2999998» or if indexing is used the maximum 


address s_ 
9995998. 


55 e4el 


56352402 
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Non-~Extended Format (Continued) 


Extended Format 


The format of extended addressing and its comparison to ‘the 
non~extended form is shown in figure 5.3.41. 


If the 2nd most significant digit of an address syllabte’ 
contained in an instruction is a binary 12 €1100)+ the next 
six digits contain the address. This address has direct 
addressing capability from 000-000 thru 9992998. Tf 


‘indexing is used the addressing capability -extends from 


009000 thru 9999-998. Note that Address Extension 
applies only to addresses contained in instructions and 
includes indirect addresses. 


Address padexynd 


The two high order bits of the first digit of the. address 
fietd signify indexing as follows: - ; 


00 - No Indexing 

01 = Index Ragister If €Sase Relative Address 8@) 
10 ~ Index Register [1 C8ase Relative Address 16) 
ii - Index Register III (€8ase Relative Address 24) 


The following Index Register format is defined: 


D7 D& DS D& O03 D2 DI 


$ 
D 


SIGN 
Decimat number 0 thru 9 


Wosl 


The address of the Index Yegister points to the sign digit. 
The Index Register contents D1 thru D7 are added to or 
subtracted from any address depending on the sign digit. 
However, in any “operation involving an Index Register as an 
operiande the Index Register must have an appropriate 
address controtter andj length. 
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50324235 Address Indexing (Continued) 


The value of 397 is ignored unless Extended Memory 4ode is 
used CEMMF controlled by the SMF instruction). 


52352424 Address Controller 


The two low order bits of the first digit of the address 
field provide information that refers to the particular 
address or to the data stored at the address to which it 
refers. 3 : 


The two bits carry the following significance: 


00 - Unsigned 4-bit Format 
OL = Signed 4-hit Format 
16 - Unsigned 8-bit Format 
11 ~ Endirect Address 


Any of the four combinations are valid except as 
specifically prohibited in some instructions. 


If address extensions section 5.3.4.2 15 not used» then the 
branch address in the Address Branches Halt Branches Enterr 
and Exit instructions have address controltlter bits of the 
address field which carry the foliowing sisnificance: 


00 = 0 = Most Significant Digit of Address 
01 = 1 - Most Significant Digit of Address 
10 = 2 - Most Significant Digit of Address 
ll =2 


- Indirect Address 


An indirect address must be even and is checked after 
indexings if any. An odd indirect address is considered to 
be a non-synced address contained in an instruction and 
Causes an interrupt. 


K The Values of the first digit for both the Low and 
high-order oits are shown below. 


50504 eh 
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UN SN UA IA 

| “Oo i1it?2?e3t No Indexing 
te oh et el 

'4tst64 7 3% TX1 

Poe oe el 2b 

(3 t 9 fats ‘1X2 

Ce ee Se ee Sl 
!cidrteEtFQra 1X3 

te241 ‘I | | 


OVERLAPPING FIELDS 


Overlapped fietds are identical, or have “total overlap” if 
the address controllers are identical and tengths are the 
same. Two fields partially overtan when one or morer put 
not alt information units of the two creteS. have the same 
memory locations. : 


No partial overlap is permitted of any two or atl three 
fields» A» By» and Cs» except for the following | cases which 
occur in move instructions: 


1. Renlication throy 


first inforaation sn 
origin field: 


t the destination fie 
t (digits charaters wor 


Move Numeric (11 4VN)  B Address = A Address + 1» 
AC = UN» 8C = UN. is : - 
Kove Alphanumeric (10 MVA) B Address = A Address + 2,5 


AC = UA» BC = UA. 


Move Word . €12 MVD B Address = A Address + & 


2. Shift of the entire destination field one information 
unit left. ; 


Move Numeric C1iil MVN) 8 Address = fA Address = I, 
AC = UNe BC = UN. 


Hove Alphanumeric €10 MVA) — B Address = Address = 2, 
AC = UN-BC = UN. 


52505. 
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OVERLAPPING FIELDS (Continued) 

Move Word (12 MVW) 8 Address = A Address - 4. 
Move & Clear word (13 MVC) 8 Address = A Address - &. 


3. Right justification of first word of the origin field 
in the destination fields» with teading zeros. 


Hove & Clear Word (13 MYC) B Address = A Address + 4. 


Total Cidentical) overlap is permitted only where specified 
in command descriptions. , 


LOGICAL UNITS 


The effect an instruction has on the fotlowing Logical 
Units is described in the individual instructtonss Section 
5.6 of this specification. SB 


QVERFLOW FLIP-FLOP 


The Overftow Flip-Floo indicates that the resuit fietd 
tength of and arithmetics move alphanuneric» or move 
numeric operation is not sufficient to store the result. 


This Overflow Flip-Flop is not cleared at the beginning of 
an arithmetic operations but ts oreserved. Therefore» it 
indicates overflow that has occurred any time obefore or 


' during a series of arithmetic operations or other 


interjected non-arithmetic operations. 


The Overflow Flip-Floo is cleared by the Conditional Branch 
on Gverflows the Edit and the Search instructions. 


The Overflow Flip-Flop is affected by the following 
instructions: 


OP Mnemonic Name : 
1. 30 BCT Communicate 
2 Interrupt ; 
Se 01704 INCe ADD Arithmetic Instructions Except Yultiply 
06 DECe SUB. CVariable Length) 
OTV 


4. 50°55 TAD>s LAS Fixed-Length Arithmetic Instructions 


WT 
° 
wi 
6 
poo 


THE STRUCTURE OF THE MS-3 


06/30/75 


S“MACHINE 


Floating Point instructions 


Address 83ranch on Overflow 


ISvus IS5 
57-59 IMUs IMS» 
IMI» ILD 
IsT 
5. 680-83 FAD» FSY 
FPM» FODV 
6. 39 SEA Search 
Te «61 MVN Move Numeric 
Be. 10 MVA Move Alphanumeric 
9. 31 NTR Enter 
10. 32 EXT Exit 
1i. 28 OFL 
12. 49 EDT Edit 


COMPARISON FLIP-FLOPS 


The states of the Comparison Flip-Flops are: 


00 Cleared 
01 Greater or 4igh 
10 Less or Low 

11 Zero or Cqual 


The comparison Flip-Flops are 


: . OP Nnemonic 
1. 30 BET 
20 01°06 INCs ADD» 
DEC Sus, 
MPY>»DIV 
36 80-83 FADsFSUs 
FPM» FOV 
Le 50-55 IAD» TAS» 
ISU» {SS 
57-59 IMUs IMS» 
IHI» ILD» 
Ist 
5e ll MYVN 
6. 10 MVA 
Te 31 NTR 
8. 32 EXT 
96 46 CPN 
10. 45 CPA 
li. 91 SRD 
i2.. 49 EDT 


affected by the following: 


Name 

Communicate 
Arithmetic Instructions» 
Variable length : 


Floating Potnt Instructions 


Fixed-Length Arithmetics - 


Hove Numeric 

Move Alphanumeric 
Enter 

Exit 

Compare Numeric 
Compare Alohanumeric 
Scan Result Descriptor 
Edit 
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COMPARISON FLIP-FLOPS (Continued) 
13. 42 AND And 
14. 43 OR or 
15. &4 NOT Not 
16. 40°42 B7T» 8OT Bit Test Instructions 
17. 16 S3=. Scan to Delimiter - Equal 
18. 17 SOU Scan to Delimiter = Unequal 
19. 18 SZE ' Scan to Delimiter - zone Equal 
20. 19 SZU ‘Scan to Delimiter ~- zone Unequat 
21. - 37-38 SLL»SLD Search Instructionss Search Link 
‘ _ List» Search Link Delink 
22. 33 BRT Bit Reset 
23% 34 BST Bit Set 


Neither conditional nor unconditional branching alters the 
Comparison Flip-Flops. ; 


Any instruction which destroys the Comparison Flip=Flops 
settings also clears them to the 00 state. 


INDEX REGISTERS 


There are three index Registers occupying a reserved area 
of memory. The reserved area is eight digits including a 
sign digit for each Index Register» and is base relative. 
Thus all. programs have three Index Registers available: 


Index Register {i address is Sase plus 8. 
Index Register 2 address is Base plus 16. 
Index Register 3 address is Base ptus 24. 


The Index Registers are affected by the following: 


i. ALL Instructions That Can Address Memory 
2. Enter C1X3) 

Be Exit C1X3) 

4&e Search (1X1) 

Se Search Link List CIX1) 

6- Search Link Delink CIXi»r IX2) 
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52567 MODE FLIP-FLOPS 


Several mode/enable flip-flops are present to enable 
various features. 


5e5-7.1 EBCDIC-ASCIT Mode Flip-Flop 


This mode flip-flop (EA) setects the data format to which 
some instructions are sensitive. The one~state indicates 
ASCI{L Mode and the zero-state indicates EBCJIC Mode. 


The fotlowing code sensitive instructions are affected by 
the EA Mode Flip-Flop. : 


1. Fixed Length Arithmetics (Ref. Tables 6-1) 

2e Variable Length Arithnetics (Ref. Tabte 6°1) 
3- Kove Alphanumeric CHVA - OP 10) 

§. Wove Numeric (MVA -OP 11) 

5. Move Repeat (MVR =~ OP 14) 

6. Edit CEDT - OP 49) 

7. Transtat2 CTRN - 3P 15) 

8- Scan to Delimiter - Equal C(CSOE - OP 16) 

9e Scan to deliniter - Unequat (SDU - OP 17) 


The EA Hode Flip-Flop is affected by: 
1. Set Mode Flip-Flop Instruction (SMF - OP 47) 
2e Interrupt 
3e Enter (NTR = OP 31) 
&e Exit CEXT - OP 32) 
5.5.7.2 User Program Flip-Floo 


This mode flip-flop indicates that a special program is’ in 
operation. 


De5e%23 BCT Mode Flip-Flop 


This flip-flop is affected by the BRE COP 90) instruction 
only if EMMF is on CSMF = OP 47). 


6.0 COMPATABILITY MODE INSTRUCTIONS 
A sunmary of the operation codes is contained in Table 6-1. 


A detailed description of the instructions begins with 
section 6e1. Fable 6°71 Operation Code Summary 
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% * he hw H 


* 


» * te 


OP. 
Code 


Mnemonic 


Name 


Acithmetice Variable Field Length 


Arithmetice 


*Optional 


INC 
ADD 
DEC 
SUB 
MPY 
DIV 


FAD 
FSU 
FPH 
FDV 


IAD 
TAS 
ISv 
Iss 
IMU 
IMS 
IMY 


ILD 
1ST 


Add-Two Address 
Add-Three Address 
Subtract-Two Address 
Subtract-Three Address 
Multipty 

Divide 


Floating Add 
Fisating Subtract 
Floating Multiply 
Floating divide 


Fixed Length Instructions: 


‘Integer Add 


Integer Add and Store 
Integer Subtract 

Integer Subtract and Store 
Integer Multiply 

Integer Multiply and Store 
Memory Increment = 
Decrement by 1 

Inteqer Load 

Integer Store 


(Part of Extended Function Adapter) 


*x*FLoating Point Adapter 


oP 
Code 


Real - 


70 
71 
v2 
73 


Mnesonic 


RAA 
RAS 
RSU 
RSS 


Name 


Real 
Real 
Real 
Real 


Add 

Add and Store 
Subtract 

Subtract and Store 


A 94 


No. of 
Addresses 


AWWA NW 


NAN OW 


eon faa pe pate pak funk fl 


iy 


No. of 
Addresses 


fo et eh 


tet ee OH 
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74 RMU 
75 RMS 
76 RDYV 
77 ROS 
78 RLD 
T9 RST 
B4 ACC 


Address 8ranching: 


20 NOP 
21 LSS 
22 EQL 
23 LSS 
24 ’ GTR 
25 NE@ 
26 GEQ 
2¢ BUN 
28 OFL 
29 HBR 


Controt Branching 


30 BCT 
31 NTR 
32 EXT 


+ Optional (Part of 


oP 
Code Mnemonic 


Data Movement: 


08 MVD 
99 MYL 
10 HVA 
il MVN 
12 MV W 
13 MVC 
14 MVR 
Logical: 

15 TRN 
16 SDE 


17 SDY 


-Real Multiply 


Real Multiply and Store 
Real Divide 

Real Divide and Store 
Real Load 

Real Store 

Accumulator Manipulate 


No Operation 

Less Than 

Equal 
Less Than or Equat 
Greater Than 

Not Equal 

Greater Than or Equal 
Unconditional 
Dverflow 

Halt» Branch 


Communicate 
Enter 


Exit 


Extended Function Adapter) 


Name 


Move Data 

Move Links 

Move Alphanumeric 
Move Numeric 

Move Word 

Move and Clear Word 
Move Repeat 


Translate 


Scan to Delimiter = Equal 
Scan to Deliniter = Unequal 


fe fark fon nb fem fom fh pach fh ft CD et fet pt at per pet 


pe 


No. of 
Addresses 


NNNNN ww 


NNW 


bell 


- + Rm 
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COMPATABILITY MODE INSTRUCTIONS (Continued) 
28 SZE Scan to Delimiter = Zone 2 
- Equal 
19 “ $ZU ' Stan to Deiimiter Zone 2 
- Unequal 
33 BRT ~Bit Rest 1 
34 8ST Bit Set 1 
37 SLL Search Link 2 
38 SLO Search Link 2 
39 SEA Search 3 
40 ~  BZT Bit Zerc Test 1 
Al BOT 8it One Test 1 
4&2 AND : And 3 
4&3 ORR Or 3 
&& NOT Not 3 
45 CPA Compare Alphanumeric 2 
46 CPN Compare Numeric 2 
4T SHF Set Mode Flip-Fiop 0 
48 HBK Halts Breakpoint 0 
49 — EDT Edit 3 


* Optional (Part of Extended Function Adapter) 


FIXED LENGTH ARITHMETIC INSTRUCTIONS 


These functions are invalid unless the Extended Function 
Adapter hardware is installed. 


The Fixed Length Arithmetic commands use a ?20-digit 
accumulator which holds the instruction resutt within the 
processor as an operand for the next operation. The 
accumulator can be toaded or stored. fFEvery instruction has 
an implied reference to the accumulator. 


Instruction Formats 


Two instruction formats are used: 


One Address instruction: This format is used 
whenever memory references are required. 


No Address: This format is used for tha3se 
operations which reference the accunulator 
onty. This is a 4*digit instruction. 
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beleiel Qne Address Instructtons 


Format B is used--see Sections 3.1 and 3.4.1 except for the 
fotlowing redefinitions of the address controller: 


Address Controttier for GP*s 50°59 except 57: 


00 No Indirect Address 
OL Reserved 

10 Reserved 

1i Indirect Address 


Address Controttler for OP 57: 


00 Increment the Memory Value 
O01 Decrement the Memory Value 
10 Reserved 

li Indirect Address 


Address Controller for OP's 70-79: 


00 Single Precision 
01 Double Preciston 
10 Reserved 

143 Indirect Address 


In all casesr the final addresses assembted after indexing 
and indirect addressinags must be Mod 4. Non-Mod-4 
addresses will be treated as address errors during the 
fetch cycle. 


No Literal capability is available with these instructions. 


Ge1.-1.22 4-Disit Instruction 


The Accumulator Manipulate command CACM) uses a 4-digit 
Instruction consisting of D1 and 0D? as OP code with D3 = and 
D4 as variants. The following variants are specified: 


D3 D4 Meaning 

CBITS)- 

B471 

0000 0 Normalize Accumulator 
% 0001 9 Convert Read) to Integer 

0010 0 Set Sian of Mantissa to # 
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4-Digit Instruction (Continued) 
0011 0 Set Sign of Mantissa to = 
$100 0 Complement Sign of Mantissa 
0101 0 Clear Accumulator to.~99t0 
01106 O-3 (Increment AtagebraicatlLy the Exponent by 64 
O111 0 0-9 


ALL other variants are reserved. (CSee * in Section 5 e2 eld. 


Data Formats 


Two types of data are used: Integer (Fixed Point) and real 
(Floating Point}. 


Integer Format is a signed numeric fietd with a fixed 
tengoth of & digitts="a sign digit folflowed by the most 
significant digit of a 7-digit numertc field which is right 
justified. ; 

Real Format consists of a sign-exponent field followed by a 
mantissa field. The sign-exponent field has a length of 4 
digits where: ‘ 


Di is the exponent sign 


D2» 03 gGivs the exponent magnitudes B2 is MSD 
D4 : is the mantissa sign : 


The mantissa is a numeric field of two possible Lengths: 
Single precision (8 digits) or double precision (16 
digits}. The nantissa is assumed to be a fraction with the 
decimal point on the left. ‘ 


The only real zero specified has an exponent of -99 and a 
mantissa of att zeros. . 


The signs of reasults are sensitive to the ASCII Mode 
Flip-Flop as in the format of Section 5.2.1 (4~bit mode). 
The internal code interpreted by the fixed-length 
arithmetics ts as noted in Section 5.2.1 C4-bit mode). 


OP's 50554952553 254555257258259 CInteger Instructions) 


OP 586 = ILO (Load) 
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OP§s 5062512252795 3954255257%58259 Cinteger Instructions) 


CContinued) 


Load the value at the AcAddresss which is of the form sign 
plus seven digits: 


SV OK A 
1 2 3 4 5 6 7 


into the 20~-digit accumutator as follons: 


+ 0 8 S$ X¥ xX X X¥ X¥ X X 0 0 0 0 60 0 90 GO 
 ¥ 2 3 &4 5 6 7 8B 


unless an exception as noted in Sectton 6.1.8 occurs. 


OP Sis 53+ 555 59 - EASs ISS IMS» IST Cinteger - Add & 
Stores Sub & Stores Multiply & Storer and Store). 


Depending upon the instructione perform the Addr Subtract, 
or Hultiply as described in OP's 50» 52% and 54 and then 
store the results in exactly the same manner as OP 59. 


OP 59 - IST (Integer Store) 


Store the accumulator, which is of the form: 


SWHSYYY YYYYYYYYYYYY Y¥ 
“112212345 678912 TLL1I1 
01234565 


into memory at the A-Address as follows: 
SY YYyYyYyYYyY 

2234567 8 

unless an Sveopeinns as noted in Section 6.1.8 occurs. 
OP 50> 52, - TAD» ISU CAdd/Sub) 


Add/Subtract th2 value at the A-Addrerss to/from the 
contents of the,accumutator and leave the resutt in the 
accumulator. The inittat values of memory and accumulator 
are assumed to be of the form shown in “Load™s+s aboves the 
result generated is of like form. 
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OP§s 50r5155275 32542559570 5B 259 CInteger Instructions) 
(Continued) 


op S57 ~ IMI (Memory Increment = Decrement by 1) 


Increment or decrement the value of the Am~Address by the 
value one (1) and store the resutt at the A-Address. The 
result in the accumulator is the same as the result in A. 


DOP 54 ~- IML (Multiply) | 


Multiply the valse at the AsAddress by the value in the 
accumulator? the result is in the accumulator. The initial 
values used from memory and the accunulator are assumed to 
be of the form shown in “Load” above? the result generated 
is of Like form. 


OP's 70 - 79 €Real Instructions} 


OP 78~ RLD CLoad) 


Load the value at the AwAddress into the accumulator. If 
the operation is to be  singlketprecision-e the Least 
significant 8 digits of the mantissa will be set to zero. 
The result exponent will be the memory expontents unless an 
exception described in Section 6.1.8 occurs. 


OP's 71s 73% 75+ 77+ 79 - RAS» RSSe RMSr RDSr RST CReal- 
Add & Store» Subdtract:'& Storer Multiply & Stores Divide & 
Stores and Store) 


Dependina upon the instructions perform the Adds Subtracts 
Multiply» or Jivide as described in OP's 70» 725 74 and 76 


and then store the results in exactly the same manner as OP 
79. 


A description of OP 79 = RST (Reat Store) follows: 

Store the accumulator value at the A-Address. The 
accumulator value 1s unchanged. If the operation is to be 
single precisions the teast significant 8 digits of the 


accumulator are ignored. 


GP 70+ 72+ - RAAe RSU CAdd/Sub) 
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OP's 70 ~ 79 CReal Instructions) (Continued) 


Add/Subtract the value at the A-Address to/from the 


accumulator leaving the result in the accumulator. The 
memory values the initial value in the accumulators and the 


final value in the accumulator w#ittl have the same 
precision. : 


If the operation is to be single precision» the initiat. 
feast significant 8 digits of the accumulator are cleared 
to zero before the operation begins. 


Before alignment» both operands are expanded by one 
additionait digit by adding a trailing zero. © ALignnent is 
performed on the extended values with nanc-aligning digits 


discarded Cafter alignnent exponents are equal). The sum 
or difference is conputed oan the extended values. The 
extended result ts Left justified. After justifications 


the extended digit is discarded. 


Netther operand is required to be normalized (Cteft 
justified). 


OP 74 = RMU CMultiply) 


Multiply the value at the A-Address by the value in the 
accumulator? the result is left in the accunulator. If the 


operation is singles precision»s the initial least 


significant 6 digits of the accumulator are cleared to zero 
before the operation begins. 


If both operands are normalizeds the result w«ilt be 
normalized. Unnormalized operands may or may not give 
unnormalized results. 


In Multiply» doubte precision» the operands are extended as 
described in Add/Sub aboves the extended product is 
computed and normalized by one digit if necessary. After 
normalization the extended digit is discarded. 


OP 76 = RVD COivide) 

Divide the contents of the accumulator by the value at 
the a-Address. if the operation is single precision, 

the least significant 8 digits of the accumutator are 

cleared to zero before the operation begins. 
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Unnormalized operands are treated as zero in a_ Divide 
operation. 


The operands are extended as in Add/Subr above. The 


: extended quotient ts computed» and the extended result is 


normatized with the extended digit discarded after 
normalization. ; 


For exceptionss including division by zeror see Section 
6.1.6.6 ane. 


OP 84 - ACC CAccumutlatcr Maniputate Instruction) 


~~ 


All variants of this instruction reference the entire 
accumulator with no regard to data type (reat or integer) 
or precision (single or doubte). 


Normalize Accumulator 


If atl 16 digits of the accumulator mantissa are not zercas 
shift the entire mantissa Left and decrement the exponent 
by 1 for each digit shift» untii the leading digit is 
non~zero. [f all 16 digits of the arcumulator are zeros 


the exponent is set to “99+ (€see Section 521.6). 
Convert Real to Integer 
The accumulator nantissa is assumed to be normalized. 


If the accumulator exponent is not greater than +075 shift 
the entire mantissa right and increment the exponent’ for 
each digit shift until the exponent is +08 or until the 
most significant 8 digits of the mantissa are zero. If att 
16 digits of the accunulator are now equat to zeroer the 
exponent is set to -99+ (see Section 5.6.126). Then clear 
the least significant 8 digits to zero. : 


Other Variants 


ALt variants other than those for “normalize accunulator” 
and "convert read to integer" affect only the 4-digit 
sign-exponent portion of the accumulator: these variants 


are descrihed tn Section 6.1.1.2 4°Digit Instructions and 
Section 6.1.6. 


an 
* 
ee 
e 
id] 
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Setting Proper Signs Exponents and Comparisons 


For all instructions considered in Section G.61-<35 614 
and 6.1.5 after successful completion of the operation and 
before storing the result in memorys the exponent sign and 
mantissa sign are set-to reflect the ASCII node flip-flop. 
Furthermorer if all 16 digits of the accumulator mantissa 
are zeros the 4 digits of the sign- exponent are. 
unconditionally set to “994. Also» the couparison- 
flip-flops are set to incidate: 


Kigh: Wantissa is positive and alt 16 digits of the 
Mantissa are not zero ‘ 


Lows Mantissa 1s negative and alk 16 digits of the 


mantissa are not zero. 
Equal: Alt 16 digits of the mantissa are zero. 


if the operation was mot successful» the conparison 
settings wiil be: 


High = overflows Low = Underflows Equal = Division by zero. 


An Implied Store instruction is performed exactly as if the 
corresponding No=Store instruction were followed by the 
execution of the Store instruction. 


Error Traps 


Cause of Traps 


1) The resultant normalized mantissa is non-zero and the 
exponent is larger than #99» or the resuft is-— an 
integer value of more than 7 digits Coverflow). 


2) The resultant nornalized mantissa is nonzero and the 
exponent is algebraically smaller than -99 Cundorflow). 


3) The most significant mantissa digit of the divisor is 
zero (divide by zero). 
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6.1.8 Error traos (Cont inued) 


The above conditions can. occur during execution of the 
following operations: 


1) “Integer Operators 50 through 57 
2) Real Operators 70 through 77 
3) Fie: Ket veures variants of Operator = B4 
a) Normalize (Under flow) 
7 b) Reat to Integer Conversion Coe atee es) 
. : ce) Increment Exponent) - 
dd) Decrement Exponent4) 
Data Handling On Error . 
Store 


The store function does not occur if there is an error in 
an “Implied Store" operation. 


“Integer Instructions 7 
Overflow causes the correct but oversized result to be Left 
in the accumulator in a form of double precision in which 
the least significant digit of the result is Located tn the 
LSD position of a reat double precision number. 


Real tnseruces ons 


Division by zero does not change the contents of the 
accumulator. For all other real instructions» the correct 
results wilt be tn the accumulator but the magnitude of the . 
exponent wiil be Mod 100. (The ON state of the overflow 
flip-flop indicates that the exponent is Modulo -190).° 


Accumulator Manipulate Instructions 


Conversion from real to integer does not take place if it 
would cause overflow. fhe cther variants are treated as in 
the real instructions. 
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Error Traps (Continued) ~ 


Teap 


Trap Enable 


The Trap is enapled if the two digit key stored at base= 
relative addresses 64 and 65 has alt 8 bits on (15> 15 or 
hexidecimat Fs F). 


Trap Address 


The Trap ‘Address is 3 6=digit basererelative address 
obtained fron basesretlative locations 66 throuqgn 71. The. 
Trap Address its a full 6 digits having no indax controller 
and no address controfler. The Trap Address must specify 
an even address. 


Trap Operation 


After handling the error the following occurs: . 


1) Set overflow flip-flop. 


2) Set comparison flip-flops as in Section §21.6- 


5) If the trap has not been enabledr execute the next 
program instruction. & os 


4) If the trap has been enabled, store the 6-digit 


baserrelative address of the current instruction 
followed by the 6-disit base-relative address of the 
mext prograa instruction. The tLe-digit field thus 


constructed will be stored at the Location specified by 
the trap address. After storing the i2-digit field, 


the instruction located immediately following the 
i2-digit field will be executed Cat the trap address 
+12). 2 


ARITHMETIC IVSTRUCTIGNS» VARIABLE FIELD LENGTH 


When the address controttler of any. adder Input specifies 
B-bit formats onty the less significant 4 bits of each 
character are effective at the adder input--the other & 
bits are ignored. then 8-bit format is specified by the 
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ARITHMETIC INSTRUCTIONS» VARTABLE FIELD LENGTH (Continued) 


address controtler of the result of any arithmetic - 
operations the more significant 4 bits of each character 
are automatically set to the code (1111 or 0201) indicating 
the numeric subset of the selected CESCDIC or ASCIT B-bit 
code. 


The count given by the concatenation of D3> D& and by the 


concatenation of D5» 35 specifies the number of digits/ 
characters Cinformation units) in the A and 8B fields» 
respectively» but dos not include the sign when the address 
controtter specifies signed data. A count of 90 specifies 
field Length of 100. Full generality of address controlter 


“usage applies to all address fields. 


In atl cases» whether the result field ts signed or 
unsigned» upon successful completion of an operation the 
comparison of flip-ftops are set to. indicate whether the 
result is greater thane equal toe or tess than zero. The 
absolute value of the result is stored when: the result 
field is unsigned. . 


The sign of a zero result is set positive.- An unsigned 


operand is considered to be positive. 


Hhen the length of the result field is net targe enough to 
contain the result of an arithmetic operation without Loss 
of significant leading digits» overflow occurs. Overflow 
does not occur if leading zero digits or zero characters 
are Lost. A . 


In three~address add or subtracte total overlap of the A - 
and 8 fields is specified? overlap of the A or B fields by 

aC field is not altoaed. In 2-address add or subtract the 
tuo fields may overlap identicatly. ; 


OP O01 - ENC CAdd-Two Address) 


ewan aeaeaanaewr aera = Sse meee ae waa e 


Algebraicalty add an addended in Location A to an augend in 
location 8 and store the sum in location 8 unless overflow 
occurs,» in which event the overflow flino-floo is set and 


the 8B field retains the value it. contained before the 
operation. . 
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OP OL ~ INC CAdd-Two Address) (Continued) 


Addition proceeds. fron high order to. tow . order. If the. 
addend and augend are of unequal Length» as specified in 
the instruction» the shorter of the two is assumed to be 
filled with Leading zeros until it matches the Length of 
the longer. 


If. the length of the sum which woutd have been produced is 
longer than the spectfied length of the result 8 field» an 
overflow condition occurs. The overflow flip-~ flop is set 
and the comparison flip-flop settings are unchanged. 


OP 03 - DEC (Subtract~-Two Address) 


Algebraicaltly subtract a subtrahend in location A from a 
minuend in location 8 and store the difference in  tocation 
B unless overflow occurs» in which event the overflow 
flip-flop is set and the 8 field retains the value it 
contained before the operation. : 


Subtraction proceeds from high order to tow order. If the 


subtrahend and minuend are of unequal length» as specified 
in the instruction» the shorter of the two is assumed to be 
filled with leading zeros until it matches the length of 
the tonger « 


tf eke Length a the .difference which would have been 
produced is longer than the specified length of the result 
B fields an overflow condition occurs. The overflow 


flip-flop is set and the comparison flip-ftop eu Pings are 


unchanged. 


OP 82 - ADD CAdd~Three Address) 


Algebraically add an addend in location A to an . augend - in 
Location Bs and store the sum in Location C unless overflow 
occurse in which event the overflow flip-flop is set and 


the C field retains the value it contained before the 
operation. 


Addition proceeds fron high order to tow order. If the 
addend and augend are of unequal length» as specified in 
the instructions the shorter of the two is assumed to be 
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GP 02 - ADD CAdd-Three Address) (Continued) 


filled with leading zeros until it matches the length of 
the longer. The C field tLength is the.greater of the A and 
B fieid lengths. 


If the Length of the sum which would have been produced is 
longer than the specified Length of the result field» an 
overflow condition occurs. The overflow flip-flon is set 
and the comparison flip-flop settings are unchanged. 


OP 04 = sus (Subtract=f hree Address) 


Algebraicatly subtract a Siete asad es location A from a 
minuend in Location 68 and store the difference in location 


“C untess overflow occurse in whith event the overflow 


flip-flop is set and the C fietd retains the vatue it 
contained before tne operation. . 


Subtraction proceeds from high order to low order. If ‘the 
subtrahend and ninuend are of unequal lengths as specified 
in the instructions the shorter of the two is assued to be 
Filled with teading zeros until it matches the length of 
the tonyger. The C field length is the greater of the A and 
8 field lengths. 


If the Length of the difference which would have »been 
produced is tonger than the tength of the result fietd an 
overflow condition octurs. The overflow. flip-flop. is set 
and the coment soa flip-flop settings are? unchanged. 


OP O05 =~ MPY San tar 


Atgebraically multiply a multiplicand in location 3 by a 
muitiplier in Location A and store the product in location 
Ce 


The C field length is the sum of the A and 3 field lengths. 


Overflow cannot occur. The overfton flip-flop is not 
affected by this instruction. 


In multiplications totally overlapped Bee may be used. 
Howeverr use of a product field which partially or totalty 
overlaps either the multiplier or the multiplicand field is 
not aliowed. 
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OP 06 - DIV CDivide) 


&lgebraically divide a dividend in Location 3 by a_ divisor 
in Location A and store the quotient in location C and the 


- pemainder in tocation 8» unless an- overflow condition 


occurse in which event the B field and the C field are not 
altered. A normal and correct divide has no effect on the 
overflow flip~ flop. 


If the absolute value of the divisor is not greater than 


‘the absolute value of the equivalent numder of leading 


digits of the dividend» the overflow flip-flop is set and 
the operation is terminated. 


If the length of the B field is not greater than the Length 
of the A fields the overflow flio-flos is set and the 
operation is terminated. The C field. Length is the 
difference between the B and A lengths. ; 


The sign of the quotent is positive if the sign of the 


divisor and dividend are the same or the quotient is zero» 


otherwise negative. The sign of the remainder after 


division is that of the original dividend. If the dividend 


is unsigneds the remainder is unsigned. 
No overtap of fields is permitted in division. 


Note: . See Section 6.20 for EEoot ans Points Variaota-Length 
field operations. 


BRANCH INSTRUCTIONS 


Branching can take place unconditionally or. conditionatly 
depending upon the state of one or more of the foltowing 
processor flio-flops: 


Comparison Flip-Flops 


Overfiow Flip-Flops 


Hhenever branching is made on the basis of the overflow 
flip-flops the flip-flop is automatically reset fatlowing 
the branching. 
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BRANCH INSTRUCTIONS (cont inued) 


Neither conditional nor unconditionat branching alter the 
_ comparison flip-flops. 


The following conditions of branch are available in 
addition to a “*no operator™ branch»s in which a branch is 
made to the next instruction and in addition to a “*nalt and 
branch® instruction described in Section 6.31.1. 


GP 20 ~ NOP CNo Gperator) 

OP 21. - LSS CLess Than} 

OP 22 - EQL CEaual) 

oP 23 ~ LEQ (Less Than or Equal? 

OP 24 = GTR (Grater Than) 

CP 25 - NEG CNot Equal) 

oP 26 - GES (Greater Than or Equal) 
OP 27 - BUN CUnconditionalt) 

OP 28 - OFL (Gverflow) 


ALL conditionat branch instructions based on the com- 


parison flip-flops are effectively a NOP when the 
comparison flip-flops are cleared to 00. 


Address S8ranch 


if the branch is unconditional or if the condition 


specified for the branch is true» select the Address A_ as 


the address specifying the tocation of the next instruction 
address tn normal sequence. ; ; 


The address controlter bits specify: the mast significant 
digit of the address or indirect address as follows: 00 = 
O» SL = l» 10 = 2e and 11 = indirect address. This pernits., 
branching to any address up to and inctuding 2995998 
Hithout indexing or address extension. If address 
extension is usede the address portion of the MSD must be 
zero or specify indirect address. 
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OP 30 - BCT CCOMMUNICATE) 


. 


See. Section Sele 


OP 31 - NTR CENTER) 


-Store the following in the sequence Listed» starting at the 


base relative location specified in base relative location 
00046700045. ; 


1. The six digit base relative address of the next 

instruction (that is» the address pointing past the 
NNNN character following this instructisn). Note: For 
proper operation of the Exit instructions this address 
must be tess than 300-000. 


2- ‘The eight digit contents of I[X3. 


3. One character indicating the EBCXIC/ASCII moder 

- overflow and comparison flip-flop states. The four 

high order bits are set to zero. ‘Rit position four 

indicates the EBCOIC/ASCII mode flip-flop state» bit 

position three indicates the overflow flip- flop state, 

and bit positions two and one indicate the comparison 
flip-flops states. 


4&4. The NNNN characters following this instruct ion.. 


Set the contents of IX3 to the initial address specified in 


base relative tocation 00040-00045. The two high order 
digits of (€X3 are cleared to zero. 


The EBCDICZASCII mode flip-flop remains unchangede and the- 
comparison and overfloa flip-flops are cleared. 


Store in base relative location 00040709645,» the base 
relative address pointing past the new Location of the NNNN 
characters of data which were moved. 


Branch unconditionally to the location specified by the A 
address. , 


The number of characters moved is given by the count 
specified in 33+ D&4r 35 and 06 of this instruction. The 
maximum number of characters moved iS 92979. The count. 
0000 moves no data. 
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Yhe address controller bits specify the most significant 
digit of the address or indirect address as foltons: 00 = 
O» O1 = 1» 10 =2 and 11 = tndirect address. This permits 
branching to any address up to and inctuding 299998. 
without indexing or address extension. ¥f address 
extension is used» the address porticn of the “MSD must be 
zero or specify indtrect address. : 


if the A address is indexed by IX3 the initial) contents of 
IX3 is used. 


Restore the setting of the EBCDIC/ASCII moda» overflows, and 
comparison flip-fleps fron the character location specified 
by IX3 plus 14 if the least significant bit position of the 
most significant digit of the character contains a zero 


-bhit. If it contains a one bit» leave the respective 


flip-flops unchanged. 


Transfer the least significant six digits contained in IX3 
to base relative Location 00040-00045. : 


Transtar the eight digits at the bocervon specified by 1X3 
plus 6 to IX3. 


Branch unconditionally to the instruction specified by the 
& address. The address controller bits specify the nost 
significant digit of the address or indtrect address as 
follows: 00 = O» OL = Le 10 = 2 and 11 = indirect address. 
This permits branching up to and including 299°998 without 
indexing or address extension. If address extension is 
useds the address portion of the MSD must be zero or 
specify indirect address. 


Instruction fornat B is used. 
Note: The next instruction address is obtained during the 


fetch cycle and thus if the A address is indexed by IX3 the 
initial contents of IX3 are used. 
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OP 32 - EXT CEXIT) (Continued) 


Note? The normal return address can be obtained as 


follows: 


Address Controltier = ii 
Address Index = Li 


OP 08 - MVD CMOVE DATA 3=-ADDRESS) 


Bane ase ea Bees aes estate anew eee ee wee 


This instruction is invalid untess the Extended Function 
Adapter hardware is installed. 


Move words from the origin tocation specified by the 
address to the destination Location specificed dy the 
address until terminated by the 8 address equal to the 
addresse 


OO m= 


A word is interpreted as 16 bits (2 characters) of 
information. ; 


ALL Addresses must be divisible by four without a 
renainder. ‘ 


No information is moved into the Location specified by the 
C address if 94 = 0. 


No information is moved into the Location specified by the 
8 address if 34= 1. ; 


All address controllers must ePeCETY unsigned 4=bit format 
or indirect address. 


Digits D3» DS and 06 are reserved and must be zero. 
D&4 = 0 Move then increment the A and B addresses. 


D4 = 1 Decrement A and 8 addresses’ then “move Cmove 
backward). 


The condition toggles CASCIIs Overflow, Comparison) are 
unchanqged. 


6.9 
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OP 10 - MVA CMOVE ALPHANUMERIC) 


Move characters or digits from the origin location 
specified by the A address to the destination location 
specified by the 8B address. The count given »by~ the 
concatenation of D3» 34 and by the concatenation of DS» D6 
specifies the Langth of the A and 8 fields» respectively» 
but does not- include the siqn of the. signed fieids. A 
count of 00 specifies a field tength of 100. Fult | 
generality of address controller usage applies te both 


' addresses. 


-If the destination field tength is shorter than the origin 


field Lengthe the origin field is truncated from the right 
and the overflow flip-flop 1s set. The move is completed. 


If the destination field tength 1s longer than the crigin 
field Lengths the destination field is fitted itn with 
trailina “*blank*™ characters for 8-bit format or trailing 
"zero" digits for signed or unsigned 4-bit format. 


“‘hhen both address controtlers specify 8-bit format» each 


character is moved. 


dhen both address controlters specify unsigned 4-bit 


formats each diait is moved. 


When both address controtlers specify signed 4-bit format, 


each digit is moved and the receiving field sign digit is 
set to indicate the appropriate algebraic sign for the 
selected (CEBCOIC or ACSII) code. Ly 


dwhen the address controllers of the A and B® address specify 
B8-bit and signed 4-bit formats respectively» onty the tow 
order 4&4 bits of each character are moved» but the most 
Significant four bits portion of the A fietd is inspected 
for sign and the receiving field sign digit is set to 
indicate the appropraite algebraic sign for the setected 
CEBCDIC or ASCII) code. * 


When the address controllers of the A and 8B addresses 
specify S-bit and unsigned 4-bit formats respectively» only 


the low order 4&4 hits. of each character are moveds the other 
4 bits are ignored. 
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OP 10 - MVA CMOVE ALPHANUMERIC) (Continued) 


When the address controllers of the A and 8B address specify 
signed 4-bit and 8-bit format» respectively» the high order | 
four bits of each character in the ‘destination. field are 
set to the code Cil1i or 0101) j%$ indicating the numeric 
subset of the selected CEBCDIC or ASCII) B8=bit code except 


that the high order 4 bits of the most significant 


character are set to indicate the appropriate algebraic’ 
sign for the selected CEBCDIC- ASCII) code. 


Hhen the address controtlers of the A and 8 addresses 
specify unsigned 4-bit and 8-bit formats respectively» the 
high order 4&4 bits of each character in the destination 
field are set to the code (1ii1 or 06101) indicating the 


numeric subset of the selected CEBCDIC or ASCII) 8Bbit 
code. 


When the address controtters of the A&A and 28 addresses 
Stgned 4-bit and unsigned 4-bit fornate respectiveiy» each 


- Gigit is moved and the sign is not moved. 


When the address controllers of the A and 8 addresses 
specify unsigned 4=bit and = signed ambit formats 
respectively» each digit is moved and the ign of the 
receiving field is set to the selected CE&RCDI or ASCII) 
positive sign code. ‘ 


Upon completion of the instruction of the comparison 
flip-flops are set to indicate whether’ the value of the 
portion of the origin field woved was greater than» equal 
tor or tess than zero. For an 8=-bit origin fietd, only the 
low order digit of each character moved is inspected for 
the equal to zero condition. The sign of the erigin§ field 
is always insvected when the origin fietd is signed, 
regardtess of the format of the receiving field. When the 
origin field specifies 8<bit format» the origin field is 
inspected for a sign in the most Sianficant 4 bits of the 
most significant character when and only when the receiving 
field specifies signed four bit format. In atl cases the 
oricin field is assumed positive. 


Identicat overlap of the A and 8 fields is permitted. See 
Section 3.9 for permissible partial overlap. 
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OP 11 - HYN CHOVE NUMERIC) 


Move characters or digits from the origin tocatisan 
specified by the A address to the destination Location 
specified by the 8 address. 


The count given by the concatenation of 03, 94 and by the 
concatenation of 05.5 36 speciftes the tength of the A and 8 


fields» respectively» but does not include the sign of 


Signed fields. 


A count of 00 specifies a field tLensth of 100. Full 
generality of address controller usage applies to both 
addresses. 


if the destination field length is shorter than the origin 
field tengthr the origin field is truncated from the tefts 
1f and only ifs the truncation affects characters with a 
Low digit of zero or zero digits. If characters with a 
non-zero tow order digit or non-zero digits are affected, 
the overfiow flip-flop is set» the comparison flip-flops 
are unchanged and all fields are unchanged. 


If the destination field length is tonger than the origin 
field length the destination field is filted in with 
Leading "zero" characters or digits. 


-Yhen both address controllers specify signed 4-7bit sign 


digit is set to indicate the appropriate algebraic sign for 
the setected CEBCDIC Sr ASCII) coda. 


When the address controllers of the A! and 8 addresses 
specify 8-bit and signed formats respectively» only the Low 


order 4& bits of each character are moved» but the most: 


significant four bits of the A-ftield are inspected for sign 
and the receiving field sian digit is set to indicate the 


appropriate algebraic sign for the selected CEBCDIC or 
ASCII) code. 


When the address controllers of the A and 8 addresses 
specify 86-bit and unsigned 4-bit format» respectively» only 


the tow order 4-bits of each character are moved» the other 
4 bits are itancred. 
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QP 11 - MVN CMOVE NUMERIC) (Continued) 


Zn enn anna ac ree ewe eee ee 


When the address controllers of the & and* 8 addresses 
specify signed 4-bit and 8-bit format» respectivelys the 
high order 4-bits of each character in the destination. 
field are set to the code C1111 or 010910) indicating the 
numeric subset of the selected CEBCDIC or ASCII 38-bit code 
except that the high order 4-bits of the most significant 
character are set to indicate the appropriate algebraic 
sign for the selected (EBCDIC or ASCII) code. 


When the address controllers of the A&A and 8. addresses 
specify unsigned 4-bit and 3-bit format» respectively» the 
high order 4-bits of each character in the destination 
field are set to the code (1111 or 0191) indicating the 
numeric subset of the seiected CEBCDIC or ASCII) S-bit 
code. 


When the address controlters of the & and 8 addresses 
specify signed 4=bit and unsigned 4-bit formate 
respectively» each digit is moved and the sign is not 
moved. , 


When the address controllers of the A and 8 addresses 
specify unsigned &-bit and signed &-bite formate 
respectively» each digit is moved and the sign of the 
receiving field is set to the selected (CEBLIDC or ASCII) 
posttive sign code. 


When both address controtlers specify §-bit formats only 
the low order 4 bits of each character are noved. The high 
order bits of each character in the destination field are 
set te the code CiLllil or 0101) indicating the numeric 
subset of the selectad CEBCIDC or ASCII) 88-bit code. 


When beth address controllers specify unsigned 4-bit 
format» each digit is moved. ; ans 


Upon completion of the instruction the’ conparison 
flip-flops are set to indicate whether the portion of the 
crigin field moved was greater thanp equal tos or tess than 
zero. For the case of 8-bit origin fields only the tow 
order digit of each character moved is inspected for the 
equal to zero conditi3sn. The sign of the origin field is 
always inspected when the origin field is signed, 
regardtess of the format of the receiving field. khen the 
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OP 11 = MVN CMOVE NUMERTC) (Continued) — 


origin field snecifies 8-bit formats» the origin fietd is 
inspected for a sign in the most significant 4-bits of the 
most significant character when and only when the receiving 
field specifies signed four-bit format. In at! other cases 


- the origin thet is assumed positive. 


See Section 3.9 for ee ee partial ues A and B- 


fields can overlap indenticatly. 


NP 12 — MVW CHGVE WORD) 


Nove Hords from the ariatn location specified by the A 
address to the destinatton location specified by the B 
address. 


A word its interpreted as 16 bits €2 characters) of 
information. : 


The origin and destination addresses must be divisible by 


- four without a rematnder=-that is» they are synchronized to 


word boundartes. 


The number of words moved is specified by the increment 
NNNN contained in the four digits D3» D4> DS and 06 of this 


“instruction. The maximum number of words moved 1s 10900 


and is determined by using a word count of 0000. Both 
address controllers must specify unsigned 4-bit format or 
indirect address. If indirect address is specifieds the 
final address must specify unsigned 4-bit format. 


The condition toggles are unchanged. 


See Section 3.9 for permissible partial overfape. A and B 
fields can overlap identically. 


OP 13 - MVE CMOVE AND CLEAR WORD) 


Hove Words from ‘the origin tocation specified by the A 
address to the destination location specified by the B 
address. The origin tocation is cleared to zero before the 
word is written into the destination Location. 
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6212 | oP 13 ~ HVC CMOVE AND ZDLEAR WORD) (Continued) 


A word is interpreted as 16 bits (2 characters) of 
information. : 


The origin and destination addresses must be divisible by 
four without a remainder--that its» they are synchronized to 
word boundaries. ; 


The number of words maved is specified by the increment 
NNNN contained in the four digits D3» 04» D5 and D6 of this 
instruction. The maximum number of words moved ts 10000 
and is determined by using a -word count of 0000. Both 
address controllers must specify unsigned 4°bit format or 
indirect address. If indirect address its specifieds the 
final address must specify unsigned 4~bit format. 


Toggles are unchanged. 


See Secticn 3.9 for permissible partial overlap. A and B 
fields can overlap identically. ; 


6213 OP 14 - MVR CMOVE REPEAT) 


Move characters or digits from the 


ori 
specified by the A address to the destinat 
specified by the B address. 


in tocation 
on location 


The count given by the concatenation of D35 D4 specifies 
the Length of the A field. The count given by the 
concatenation of 05» 36 specifies the nunber of repetitions 
of the move. <A count of 00 in the respective positions 
specifies the maximum field Length of 190 and the. maximum 
number of repetitions of 100. The Length of the B field is 
given oy the product of the A field Length and the number 
of repetitions. 


Both address controllers can specify unsigned 4*bit format» 
B-dit format or indirect address. 


When both address controtlers specify 68-bit foraatr each 
character is moved. 
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OP 14 - MVR CHOVE REPEAT) (Continued) 


hhen both address controllers specify unsigned 4-bit 
format» each digit is moved. ag 


Hhen the address controllers of the A and 8 address specify 
B-pDit and unsigned 4-bit formats respectively» only the tow 
order 4& bits of each character is moved» the other 4 bits 
are ignored. 


When the address controtters of the A and B address specify 
unsigned 4-bit arid B-bit format» respectivelye the high 
order & bits of each character in the destination field are 
set to the code (C1111 or 0101) indicating the numeric 
subset of the selected CEBCDIC or ASCII) 88-bit code. 


The condition toggles are unchanged. 


See Section 3.9 for permissible partial overlap. A and 8B 
fields can overlap identicatty. Move Links. 


OP 45 = CPA Suna ALPHANUMERIC) | 


Conparer according to the (Binary) collation sequences the 
A field with the 8 field and set the comparison flio-floos 
te indicate whether the A field is Less than (Clow), equal 
to f{eaual)» or greater than Chigh) the 3 field. 


The overflow flip-flop is not affected by this instruction. 


The count given by the concatenation of D3» D4e and by the. 
concatenation D055 D6 specifies the length of the A and 8B 
fields resoectivaly. Both address controtters must specify 
8-bit format or indirect address. If indirect address is 
specified the final address must specify s-bit format. 
Maximum field length is 100 and is determined by ai fietd 
count of 00. 


ALL eight bits of a character are used in the ‘comparison. 
{f the two fields are of unequal tength» the number. of 
characters of the shorter field is made equal to the longer 
field by assuming trailing “blank" characters. 
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OP 45 - CPA CER ALPHANUMERIC) ‘CContinued) 


Note: EBCDIC blank is the same as ASCIY blank 0109 0000. 


The instruction is terminated immediately with the 
appropriate comparison condition sete If an unequal 
condition is detected. 


Both fietds retain their original values in memory after. 
execution of this tnstruction. 


A and & fietids may overlap identically. No partial overlap 
is allowed. 


GP 46 - CPN (COMPARE NUMERIC) 


Compare algebraically the A field with the 3 ftelid and set 
the comparison flip-flops to indicate whether the A field 
as tess than Clow)» equal to Cequal}» or gqreater than 
Chigh)d the B field. The comparison is algebraic with 
numeric format. 


The overflow flip-flop is not affected by this instruction. 


The count given hy the concatenation of D3, D4 a e 
concatenation D5» D6 specify the iengths of the A and B 
fieldsr respectivelys but does not include the sign of the 
stgned fitetds. Full generality of address controtter usase 
applies to both addresses. Maximum field Length is 100 and 
is determined by a field count of O00. 


When the address controller specifies 8=bit format in 
either or both addresses» only the Less significant 4 bits 
of each character are compareds the other 4 bits are 
ignored. The sign is assumed positive. Note that 8-bit 
format comparisons are not algebraic. 


It the two fields are of unequal tLlengthe the’ number of 
characters/digits of the shorter field is made equat to the 
tonger field by assuming teadinjy zeros. 


The instruction is terminated inmediately with the 
aporopriate comparison condition set» if an unequal 
condition is detected. : 
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OP 46 - CPN (COMPARE NUMERIC) (Continued) 


tUnstaned fields are assumed positive (8-<bit or unsigned 
4-bit format). 


The comparison of minus zero with plus zero indicates = an 


equal condition. 


Both fields retain their original vatue itn memory after: 


. execution of this instruction. 


A and B fields may overlap identically. No partial overlap 


is allowed. 


OP 15 = TRN CTRANSLATC) 


Translate (perform suostitution of) characters of digits 
from the ‘Location given by the A address using the 
substitution table tocated at the 8B address and store the 
result in the Location given by the C address. 


The number of characters or digits translated is given by 


the number NNNN specified in the four digits positions 03» 
D4é> 05 end 06 of this instruction. The maximum number of 
characters or digits translated is 10-030 and is determined 


by a count of 0000. 


The 8 address must be specified as BSBD90» that is» the 
translation table address must contain zeros in the three 
least siqnificant 4-bit digit positions. 


HYhen the address controller of the A field specifies 8-bit 
formats the character to oe translated is interpreted as a 
hine bit character by assuming a zero appended on the 
right. When the address controtler of the A_ fieid 
specifies sian or unsianed 4~bit formats 4*bits (1111 or 
0101) indicating the numeric subset of the selected CEBCDIC 
or ASCII) 3-5it code are assumed to be anpended on the lLeft 
and a zero assumed to be appended on the right. The 
resultant %-bit ,.character is split into groups of three and 
inserted into the three low-order digit positions of the 8 
address. The most significant bit of each of the three 
digits positions is set to zero. . 
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The 6-bit character at the resultant address in the 
translation tabie is transferred into the destination 
string beaqinning at the C address. 


Standard address controller usage applies to the A address. 
The address controller for B address must specify 68-bit 


format or indirect address. The address controller for C 


address must specify 67-bit format or indirect address. If 
indirect address is speified» the final address must 
specify 8-bit format. 


Identical A and € ftelds are permitted. No other overtap 
is allowed. ; 


The digit position in the A field containing the sign is 
ignored when the address controtler specifies stqned 4-bit 
format. 


OP 09 = MVL CMOVE LINKS) 


Move the contents of the Location specified by the A 
address to a register. Move the contents of the Location 


Seats 


specified by the B address to the Location specified by the 


A address. Move the contents of the location specified by 


the C address to the tocation specified by the 8 address. 
Store the contents of.the register (original contents of 
the location specified by the A address) into the Location 
specified by the C address. ” 


Results: If none of the A» Bs and C fields overlaps this 


instruction moves the starting A-field data to the C~field> 


the starting S-field data to the A-field» and the starting 
C-field data to the B-field. 


The tength specified by the concatenation of D3-and %4 is 


the tength of att fields. A count of O00 represents’ the 
maximum of 100. 


Standard address controller usage applies to alt addresses. 
The finat address controtters for all three addresses must 
be identicat. The C-address controt is used. If the 
Craddress controller specifies 3-bit formate an odd A or 8B 
address causes an address error and results in unspecified 
erroneous results. See Section &el. 
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6.17 OP 09 = ies CMOVE LINKS) CContinued) 


Only two uses of identical fields are specified: (1) field 
B identical to fietd Ce and €2) field A identical to field 
8. No partial cverlap is allowed. : 


6.18 SCAN INSTRUCTIONS 


- The count given by the concatenation of D3» D4 and by the 
concatenation of D4 and 06 specifies the length of the A 
and 3 fields respectively. Maximum field length is 100 and 
is determined by a field count of 00. 


dia an address controtter specifies unsigned 4~bit format? 
a high order digit (1111 or 01013) indicating the numeric 
subset of the selected CEBCDIC or ASCII) B-bit code is 
assumed to be appended on the teft of each digit being 
compared. 


Neither partiaf nor total overtap is altowed in fietds used 
in Scan instructions. 


6.18.1 OP 16 ~ SDE (Scan to Jelimiter - Equal) : 


The first character or digit from the location given by the 
B address 15 compared with a sequence of characters or 
digits starting in the Location given by the A address. 


if the first character from the B field is not equal to any 
of the characters from the A field» the next character from 
the 8 field is accessed and compared with the sequence of 
characters from the A field. The process continuss. until 
the 6 field is exhausted or untit a character from the 8 


field is found that is equal to any of the characters from 
the A field. 


If the first character from the B field is Suse to any of 
the characters from the A fietds the conparison condition 
low is set and the number 00 is stored in base relative 
location 58739. If the 8 field is exhausted witncut 
detection of a character from the B field tnat is equal to 
any of the characters from the A fields the comparison 
cendition high is set and the number of characters in the 8 
field minus one is stored in base relative location 48-39. 
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6.1861 oP 16 - SDE (Scan to 3elimiter - Equal) €Continued) 


If a character from the 3 fietd other than the first is 
detected that is equal to any of the characters from the A 
field» the comparison condition equal is set and the number 
of characters of the B fieid compared prior tos the 
detection of the equal character is stored in base relative 
Location 38739. , 


6018-2 OP 17 = SOU CScan to Jelimiter - Unequal) 


The first character or digit from the location given by the 
B address is compared with a sequence of characters or 
digits starting in the Location given by the A address. 


If the first character from the 8 field is equal to any of 
the characters from the A fields» the next character from 
the 8 fietd is accessed and compared with the sequence of 
characters from the A field. The process continues” until 
the 8 field is exhausted or until a character. from the 8B 
field is found that is not equal to any of the characters 
frem the A field. 


If the first character from the 3 fietd is not equal to any 
of the characters from the A fields the conparison 
condition low is set and the number 090 ts stored in base 
relative Location 38739. 


If the 8 field is exhausted without detection of a 
character frem the 8B field that is not equal to any of the 
Characters from the A fields the comparison condition high 
is set and the number of characters in the 3 field minus 
one is stored in base relative location 38739. 


If a character from the B field other than the first is 
detected that is not equal to any of the characters’ from 
the A fields the comparison condition equal is set and the 
number of characters of the B field compared prior to the 
detection of the not equal character is stored in base 
relative Location 38-39. 
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6.18.3 OP - SZE (Scan to Detiniter - Zone Equal) 


This instruction is the same as Scan.to Delimiter = - Equat 
with the following exceptions: 


1. Address controtlers may specify indirect address or 
8-bit fornat only. ; 


2. ‘The tow order digit of each character is ignored in the 
conparison. 


6.18.4 oP 19 - SZU €Scan to Detimiter - Zone Unequal) 


This instruction is thea same as Scan to Delimiter - Unequal 
with the following exceptions: 


i. Address controtlers specify indirect adiress or &8&~bit 
format ‘only. 


2. The low order digit of each character is ignored in the 
conparison.e 


6.19 OP 49 ~ EDT CEDIT - DATA MOVEMENT} 


on en 28 Os Ce we oe cs ee on om Os oe OD we OD an OE Ge Oe oe oe oe ee oe oe a ee oe oe 


Move data fron the A fietd (source) under controt of the 


microcoperators given in the B field to the C_ field 
(destination). 


The three fields--A>» 8 and C=- are completely separaters 
except that the A and > fields can be identical if the B 
field is conpletely separate. 


Disits D3 and 94 are reserved and nust be zero. The count 
given by the concatenation of 05 and D6 sSnecifies the 
number of micro~operators in the B field. A count of 00 
Specifies a field tength of 10600. Full generality of 
address controtlar usage applies to the source (CA) field. 
The address contretler of the microtoperator (8) field and 
the destination (C) field must specify S8-bit format or 
indirect address. If tndirect address is specified» the 
final address must specify 83-bit format. The source field 
is considered positive for unsigned 4-bit format. For 
A-bit format» the most significant digit of the most 
significant character is considered to be a_e sign. For 
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signed 4-bit formate the sign 1S considered to be the 
leading diatt of the field in the usual manner. After the 
operations the comparison flinp-flonos indicate whether’ the 
source field is positiver neqative or zero» if at Least one 
character from the source field has been moved. ‘If no 
character 1s moved» the comparison. flip-flops are set... to 
zere condition. The tow order digit of a character is- 
inspected for the zeros condition. 


The A and 8 field are not attered fotlowing completion of 
this instruction. 


The overflow flin-flop is “cteared to zero at the completion 
of this instruction. 


The instruction is terminated by the exhaustion of the 8 
field. 


The 8 field consists of a string of two-digit 
microcoperators. Each microw~operator has the form MA» 
where M and A are digits. MM refers to the operation code 
and A» in most cases to the Othe ists 2nds w«--e7th character 
of a table in a base relative location. 


"T™ denotes a toggle which is zero initially, and which is 


-set to one whan zero suppression ends. 


"Q" denotes a toggle which is zero initiaily> and which is 
set to one if check protection is destred. ' 


"S$" denotes a toggle which is set to zero if the A field 
sign is negative and to one otherwise. Unsigned 4<bit 
fortat fields are considered positive. 


The following three micro-operators contain a repeat count 
in the A (2nd digit) portion of the micro~ operator. Zero 
represents no repeat. 


Move Digit, M = O>» A = Oona ed 
Move Character, M= lp A = 00009 
Move Suppess»s M = 22 A = 


O.eee9 


06/30/75 


THE STRUCTURE OF THE MS-3 S=MACHINE 


A 128 


621961 Move Digit 


Set T = 1 and move a digit/character. from the (A) source 
field to the {C)} destination fietd with the more 
significant 4 bits of the digit/character set to the code 
C1111. or G101) %$indicating the numeric subset of the 
selected CESCDIC or ASCII) B-bit code. 


6.19.2 Move Character 


Set T = 1 and move a digit/character from the €A) source 
field to the (C) destination field» the more significant 4 
bits in the case of a dijzgit is set to the code Ct8ilili or 
OL101) indicating the numeric subset of the setected ¢CEBCBIC 
or ASCII) 8~bit code. A character is moved unchanged. 


6.19.3 Move Suppress 


If T = 1 or if T = 0 and the source digit or the Low order 
digit of the source character is not zero» the operation 
move digit is performed. If T = 0 and the source digit or 
the low order digit of the source character #s zeros and @ 
= O» move a blank €0100 9900) to the destination? if @ = 1» 
move table entry two Cnormally an asterisk)? from the table 
to the destination. The following micro-cperator contains 

“a control meaning in the A (2nd digit)? portion of the 
micro~operator. 


Set T = 0 M= 95 A=49 
Set T = 1 M= 9s A = i 
Comptement 9 M= 9s A = 2 
Skip source digit or M= 9s A = 3 


character 


The following six micro-operators contain in the & C2nd 
diait) portion of the micro operators either. a pointer 
referring to a particular character in a table located in 
fixed base relative location in memory (A = 0<..7 refers to 
the Oth, Iist...7th character)» or a code denoting a 
reference to a table entry or’ a nen-table entry and an 
action to be performed. 
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6.19.3 Move Suppress (Continued) 


Insert Unconditionaltly 
Insert on Plus C=) 
Insert on ¥4inus (S = 9) 
Insert Suppress 

Insert Float 

End Float 


Moho a wu 
BN AVE WN 


xz KR E 


The following actions are performed for the Code A = 1000>- 
YOOL+ 1040+ and 1011 in the above six micro toperations only 
if during the execution of the 4 portion of the 
microtoperator reference is made to the A portion. 


For A = 1000+ if S = 1» use table entry 0 and if S$ = O» 
use table entry Lf. © ; : 


For A = 1001+ if S = ls» use blank €5100 90003} in Lieu 
of a table entry and if S = O» use table entry 1. 


For A = 1010+ if S = O» use blank (8100 0000) in Lieu 
of a table entry and if S = is use table entry 0. 


For A = 1011+ the next 8-bit character in the mask is 
not a microc-operator put is to be used as an 86rbit 
Character in the same manner as an entry in the tabte. 
In all casess the next. micro-operator is obtained 
following this 68-bit character. 


6-19.24 Insert Unconditionatly 


Move the character from the “"A™ ltLocation in the table to 
the destination field. 


6219.5 Insert on Plus 


If S = l» move the character from the "A" location In the 
table to the destination field. If S = 6 and Q = 3s move 
blank (0100 0009) to the destination. If S = 0 and @ = ty» 


move table entrv two (normally an asterisk} from the table 
to the destinatisn.. 
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6.19.6 Insert on Minus 

If S = O» move the character from the "A" tlocation in the 

table to the destination fietd. If S = 1 and 9 = dsr move 

Dio (0100 0009) to the destination. [fF S = L» and 9 = Ie. 

move table entry two €normally an asterisk} from the table 

£9 es destination. oo 
6.19.7 Insert Suppress = 

If T = 1» move the character from the "A" tocation in the 

table to the destination field. If T = 0 and Q = Or move a 

biank €0100 0000) to the destination. If T = 0 and @ = I» 


move table entry two Cnormatily an asterisk) from the table 
to the destination. 


5019.8 Insert Float 


If T = 1» the operation move digit is performed. If T = O-» 
and the source digit or the iow order digit of the source 
character is not zeror move the character from the *A* 
Location tn the tabte ts the destination fteld and then 
perform the operation move digit. ff ¥ = 0 and the source 


Gigit or the tow order digit of the source character is 
zero then if 9 = O move a blank (0100 0000) to the 
destination field. If @-= 1 move table entry two Cnormally 


an asterisk) from the table to the destination. 


6.139.9 Eng Float Mode 


Tf T = O move the character from the "A" Location in the~- 
tahie to the destination fietd. If T = i» go to the next 
micro~operator. 


6.29 FLOATING POINT ARITHMETIC, VARTABLE LENGTH FIELD 


The representation of a Floating Point number is: 


S/X Exp S/M Hantissa 
where: 
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FLOATING POINT ARITHMETIC, VARIASLE LENGTH FIELD (Continued) — 


ewe Bee ST BSB SS TSS FO KRM TBABSTM SST ST eee ese se SF Ae we 


S/M is the sign of the Mantissa (1 digit) 
S/X is the sign of the Exponent (1 digit) 
Exp is the Exponent (€2 digit) 

Hantissa (variabie tength» decimal at right) 


Exponents and Mantissa are integers. 


The decimal counts given by D304 and 0506 Ceach 1 to 99 and 
00 = 100) specify the numbers of digits of the mantissa in 
the A and B field» respectively» but do not include the 
signs or exponent digits. Note: Although fietd length 
refers only to aantissa digits» siqns and ‘exponent digits 
are always present. Sign convention ts the same as in 
fixed point arithmetic. The address controtlers must 
specify signed 4-bit format and/or indirect address. If 
indirect address is specified» the final address centroltler 
must specify signed 4-bit format. 


Zero has a mantissa of all zeros and an exponent of “99. A 
zero can te used as an operand in any FP operation (see FP 
Divide for special cases). 


If the most significant digit of a non-zero mantissa ts 
zero» that F.P. number can be used as an operand in 
additton and sudtraction. Howevers if it is used as— an 
operand in multiplication or division it is treated as a 
zero regardless of the size of its exponent. 


Results of alt floating point operations are normalized 
Cexception = rewainder in divided. 


The comparison flio~flaops settings indicate whether’ the 
result is creater than»s equal tos or tess than zero. A 
zero result sets comparison conditions to equal. 
CExceptton - flagged underflow). , 


"Overflon™ occurs when 3 result exponent exceeds +99. 
Overflow sets tne overflow flin-flop and the coxnparsion 
high condition. No fields in memory are altered. Exponent 
overflow can occur with any of the four F.P. operations. 


Definition of underflow depends on the operation. The 


underflow flag is overflow and low comparison flip-floos 
on. 
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622061 Alignment of Operands for Addition and Subtraction 


When exponents of the two operands used in floating point 
addition or subtraction are algebraically equat,» or become 
so during the automatic procedure A andfor 8. described 
belows the fixed point operation -is performed. on. the 
mantissas of the equal exponents. 


If fietd Lengths of the operands are equals procedure *°B" 
7s used. Otherwises the operand with the snaller field 
tength is adjusted. 


Procedure Az If the exponent to »5e:° adjusted is 
algebraically Larger than the other» count down that 
exponent and count = up its mantissa field tength 


Ceffectively shifting Left and adding trailing zeros). 
Continue adjustment until either (1) the adjusted exponent 
becones equat to that of the other operandr or (2) the 
fietd Lengths become equal but exponents are not equal. If 
€2) occurss adjust the other operand by procedure B. 


Procedure Be If the exponent to be adjusted is 
alagebraicalty smalter than the others count up that 
exponent and count down its manttssa field tength 
Ceffectively shifting right and truncating the mantissa LSD 
each time the exponent is increased by one}. Continue 


adjustment until either (1) the adjusted exponent hecomes 
equat to that of the other operand» or (2?) the shorter 
field is exhausted. If (2) occurs» the result is the 
floating point operand with the larger exponent. 


6.20.22 OP €0 = FAD (Floating Point Add) 


These instructions are invatid unless the Floating Point 
Adapter hardware is installed. : 


After proper alignnent of operandss atgebraicatly add an 
addend located in A to an augend located in B and store the 


result in €. Operands need not be in normalized form. 
CResult is normalized.) 


The result mantissa - length Cin dijzits) is the same as the 
larcer of the A and & field tengths. 
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6.20-2 OP 60 ~ FAD (Floating: Point Add) (Continued) 


If the result exoonent is greater than +99 (possible only 
if mantissa overflow increments a #99 result exoonent) 
overflow occurs. 


If mantissa overflow occurs: the result exvoonent is 
incremented by one» and a leading one is supptied as the 
first result digit in the mantissa. The Least significant: 
digit of the unadjusted result mantissa its dropped. 


if a normalized or unnormalized result exponent is tess 
than -99,s the result is set to zero. The underflow flag is 


not set. 

in Floating Point Add no fields are to overlap. 
(Exceptions: (¢€1) A and 8 fietds. are identical in signs 
exponents» and mantissar (2) B and C fields are identical 


and A fietd value is <-99 # 0.) 


6.20.3 OP 81 ~ FSU (Floating Point Subtract) 


After proper alignment of operands» algebraicatly subtract 
a subtrahend Located in A from a ninuend Located in 8 = and 
store the result in ©. Operands need not be in normalized 
form. : 


The result mantissa Length in digits is the same as the 
length of the Larger of the A and 8 field ltengths. 


if mantissa overflow occurss the result exponent is 
incremented by une.e A Leading one is supptied as the first 
result digit tn the mantissas and the teast sianificant 
digit of the unadjusted result mantissa is dropped. 


If the result exponent its greater than +99 (possible only 
if mantissa overflow increments a +99 rasult exponent) 
overflow occurs. 


Tf the result exponent is less than “99, before or after 
normalizatione the result is set to zero. The underflow 
flaq is not set. : 


a 


6-20.3 


«20.5 
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OP 81 - FSU (Floating Point Subtract) CContinued) 
In Floating Point Subtract» no fields are to overlap. 
Exception: A and B fields can be identical. 


OP 82 - FMP CFloating Point Multiply) 


Algebraically multiply a multipticand tocated in 8B by a-: 


_multiplier located in A and store the result in Ce 


CGperands are assumed to be in normatized form. A 
non-normalized operand is treated as zero. 


The result exponent is the sum of the operand exponentse 
decremented by one if required for normalization. The 
length of the result mantissa is the sum of the operand 
lengths. The result mantissa is the normatized product of 
the operand mantissas.« 


Mantissa overflow cannot occur. Exponent overflow can 


-OcCure 


If the result exponent is -99 or less before normal- 
ization» the underflow flag is set if both operands are 
non-zero; otherwiser a zero result is stored and comparison 
flio~-flop is set to eoual. 


In Floating Point Multiply identical overlap of the A and B 


fields is the only peraresi ite overlap. 


OP 83 - FDV C€Floating Point Divide) 


Algebraically divide a dividend Located in 3 by a divisor 
located in A# store the quotient in C and the remainder in 
B. Operands are assumed to be in normatizei form. An 
operand with a nantissa MSD of zero is used as zero. The 
quotient is normalized. The remainder has the same fieid 
Lenothse signe and exponent as the original 3 field and is 
not normalized. 


The C fietd lenjth is the difference between the 8 and A 
field lengths. The preliminary result exponent is the 


difference between the eryidens exponent and the divisor 
exponent. 
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6.26.5 OP 83 = FDV (Floatina Point Divide) (Continued) 


In Floating Point Divisione when the mantissas meet — 
conditions (1) and (2) belowe regular fixed division is 
performed. 


(1) The dividend mantissa field Length (8}.%s greater than 
the divisor mantissa field tLength CA). 


(2) The absolute value of the divisor mantissa ts greater. 
than the absotute value of the equivalent number of 
leading digits of the dividend mantissa. 


If condition (1) above is not truer overflow occurss the 
_ operation is terminated» and no field contents are altered. 


If condition €2) is not true but (1) is truer the 
preliminary result exponent is tncremented by one Cas if a 
teading zero were annexed to the dividend mantissa}> and 
the division proceeds if the preliminary exponent was less 
than #99. 


{f the result exponent falls below -99» the underflow flag 
is set if botn operands are non-zero; otherwise a zero 
result is stored and the comparison flio-flop is set equal. 
Division of zero by non-zero quantities yietds a zero 
result. Division of zero or of non-zero quantities by zero 
causes overflow. 


Use of either partially or totally overtapped fields in FP 
Divide is not permitted. 


6.2) BIT TEST» BIT SET» BIT RESET INSTRUCTIONS 


These instructions are invalid unless the Extended Function 
Adapter hardware is instattled. : 


Characters/digits from the A field are accessed and 
manipulated with the appropriate portion of the mask in 
cdiait posttions 95 and 06 as indicated below. 

rf the address controller specifies unsigned 4-bdit format 
and the number of digits accessed is evens the entire B-bit 
mask is applied to successive grouns of two digits of the A 
field. If the number of digits is odd the operation is the 
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6-21 BIT TESTr BIT SE Ss ey RESET INSTRUCTIONS (Continued) 
same until the last digit is. accessed. The more 
significant 4~bit portion of the mask is applied to thts 


digit. 


The number of characters/digits treated is specified by the 
digits D3 and 94 of the instruction. 00 represents the 
maximum of 109. 


The address controller must specify unsigned 4-bit format» 
B-bit furmat or indirect address. 


No fields in memory are altered for bit test. 


6a2lel GP 40 - BZT (Bit Zero Test) 


The comparison condition equal is set if a zero bit is 
encountered in any data character/digit position which 
corresponds to a one bit itn the = mask. The comparison 
condition high is set otherwise. 


6.2122 OP 41 - BOT CBit One Tast) 


ee ee 


The comparison condition equal is set if a one bit is 

encountered in any data character/digit position which 

corresponds to a one bit in the mask. The comparison 
condition high is set otherwise. 


This instruction is invalid untess the Extended Function 
Adapter hardware is installed. 


The bits in the operand at the Location specified by the A 
address are reset if the corresponding bits are one bits in 
the operand (mask) given by 0905 D6. The conparison 
condition high ts set if the Least significant bit of the 
result field is one. Otherwise it ts set equal. 
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(6.21.4 CP 34 ~ BST (Bit Set) 
This instruction is invalid unless the Extended Function 
Adapter hardware is installed. 


Set the bits in the character/digit. specified. by the A 
address if the corresponding bits in the masks DS. O6»5 are 


ones. 
= The comparison condition high its set if the tleast 
significant bit of the result field is ene. Qtherwise it 


is set equal. 


The togical product CAnd) of the operand at the location 
specified by the A address with the operand at-the tecation 
specified by the ®& address is stored at the Location 
spectfied by the € address. 


The ceunts given by the concatenation of 0334 and by 0506 
specify the tengths of the A and @& fieldse respectively. 
Maximum field Length is 105 and is determined by a fietd 
count of 00. The length of the C field is given by the 
larger of the two. ae 


The address controtlers must specify unsigned 4-bit format> 
8-bit formate or indirect address. If indirect address is 
specifiede the final address must snecify unsigned 4=bit 
format or 8-bit format. The final address controtlers for 
all three addresses must be identical. ; 


If the two fields are of unequat tenath» the number. of - 
characters/digits of the shorter is made equal to that of 
the longer by assuming trailing characters/ digits whose 
bits are ati zeros. : 


The comparison condition high is set if -the least 
sianificant hit of the resutt field is one. Otherwise it 
is set equal. 


Any two of the three fields may be identical. No other 
overlap ts specified. 
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OP 43 - ORR COR) 


The logical sum (Cor) of the overand at the location 
specified by the A address with the operand at the Location 
specified by the B address is stored at the Location. 
specified by the € address. 


The counts given by the concatenation of D3r D4& and by the 
concatenation of D5» 306 specify the Lengths of the A and 8 
fieldss respectively. Maximum fietd tength is 103 and is 
determined by a field count of 00. The tength of the C 
field is given by the larger of the two. 


The address controllers must snecify unsigned 4&-bit formats 
Be-bit format or indirect address. If indirect address is 
specified the final address must specify unsigned 4~bit 
format or 8~bit format. The final address controllers for 
all three addresses must be identical. 


If the two fields are of unequal length» the number. of 


_Characters/digits of the shorter is made equal to that of 


the fonger by assuming trailing characters/ digits whose 
bits are ail zeros. 


The comparison condition high ts set if 
Significant bit ef the result field is ones Oth 
is set equal. 


the teast 
erwise it 


Any of the three fieids may be identical. No other overlap 
is specified. : 


OP 44 - NOT CNOT) 


The modulo two sum (Exclusive Or} of the operand at the 
location specified hy the A address with the operand at the 
location specified by the 8 address is stored at the 
tocation specified by the C address. 


Tne count given by the concatenation of D3>- D4 and by the 
concatenation of DS+ 35 specifies the tength of the A and B 


fietd, respectively. Maxinum field Length ts 100 and is 


determined by a field count of 09. The tLength of the C 
fietd is given by the larger of the two. 
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6424 OP 44 - NOT CNOT) CContinued) 


The address controlters must specify unsigned 4-bit formats 
B-bit formats or indirect address. If indirect address is 
specified the final address must specify unsigned 4-bit 
format or S8-hit format. The final address tontroiters for 
alt three addresses must be tdentical. 


If the two fietds are of unequal tlength» the number of. 
characters/digits of the shorter is made equal to that of 

the Longer by assuming trailing characters/digits whose 

bits are all ones. 


The comparison condition high is set if the teast 
Signifiant bit of the result field is one. Otherwise it 1s 
set equal. : 


Any two of the three fietds nay be itdenticat. No other 
overlapping 1s specified. 


6.25 HALT INSTRUCTIONS 


Hatt instructions are dependent upon an execution digit 
located in the Process State Record (PSR) which determines 


the course of action as follows: 
Digit = 0 ALt halts are executed. ; 
= 1 Normal state halts are ignored. 
= 2 Control state halts are ignored. 
= 3 Alt halts are ignored. 
= & All halts are considered invatid instructions. 
= 5 Normat state halts are ,ignored and control state 


halts are considered invatid instructions. 
=f Zontrot state halts are ingored and nornal state 
halts are considered invalid instructions. : 
= 7 Ait halts are ignored. 


6-25.35 OP 29 = HBR CHALT>s SRANCH) 


Select the address A as the address specifying the location 
of the next instruction whether the halt ts executed = or 
ignored. 
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622561 OP 29 - HBR CHALT» BRANCH) (Continued) . 


The address controller bits specify the most significant 
‘digit of the address or indirect address as follows: 00 =. 
Or OL = tr 10 = 2 and 11 = indirect address. This permits 
branching to any address up te and including 299,998 
Without indexing or address extension. If address 
extension is used» the address portion of the MSD must be 
zero or specify indirect address. 


6<e250c GP 48 - HBK CHatt» Breakpoint) 


An eight bit character from base relative location 46°47 is 
accessed and tested with an eight bit mask character in 
digit positions D5 and 96 of this instruction. If the 
eight bit character from base relative Location 467-47 has 
one bit which corresnonds to a one bit in the mask thea 
execution digit in the PSR is accessed. This digit then 
determines the course of action. 


Tf no correspondence is obtained» the halt is. ignoreds— 
regardiless of the execution diait. That iS» the next 
instruction is selected in normat sequence. . 


Mie tte mae itsnn n anv mE aes =A eee As ada ao ~ awn 
VIgic POSTLIGAS 53 and 04 are not reserved and can obtain 
any combination of obits including the bit combination 
normatly specifying Literals. However», indirect field 


length is opgsrative and the combination? of bits specifying 
indirect field tength will insert the value obtained from 
the address specifed. These bit have no significance in 
the execution of the instructien. , 


6.26 SEARCH COMMANDS 


6.2641 oe 39 = SEA (Search) 


Compare the A field with the 3, BtNN> Bt20NN)> BE30NN)> 
eoeefields in the manner orescribed by the variants in. the 
C address controller until the tncremented 3 field address 


is equal to or greater than the C addresses or unless 
terminated otherwise. 
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6.26.1 OP 39 — SEA CSearch) (Continued) 


The comparison as determined by the A address controller is 
as follows: _ 


OO = 4-Bit Binary 
01 = Signed 4~S8it. Algebraic 
10 = 8-Bit Binary 


The increment NN as determined by 05-D6s and the B address 
controller is as follows? 


N5-D6 B Controller Increment 

NN 10 NN Characters 
NN 00 vt NN Digits 

NN O1 a NN #1 Digit 


Indexing and indirect address are atlowed on alk three 
addresses. 


The overflow flip-flop is cleared to zero after the 
comptetion of the instruction. , 


The tength of both the A field and the 8 field is given by 
the decimal count of 3304 €00=100)}- but does not include 
the sign of the stqnad fields. Lenath ts independent = of 
and can be targer than the itncrement. 


If the C address controller bits are 00» then the A_ field 
is compared with the 8 fietd and each subsequent 3 field 
_ for an equal condition. If and when an equal condition is 
. detecteds the comp2rison flip-flops are set equal and the 
address of the pertinent 3 field is stored in IX1l. The 
Search is then comptete. If an equat conditien is not. 
detecteds the comparison flip-flops are set high and IX1 is 
unchanged. f 


If the C address controller hits are Ol» then the A_ field 
“is compared with the 8B field and each subsequent 8 field 
for a low condition. If and when a B field ts detected 
that is tower than the A field» the comparison flip-flops 
are set equal and the address of the pertinent B field is 
set to IXi-» and the Search is complete. If a lou condition 
is mot detected» the cotparison flip-flops are set high and 
IX? is unchanged. 
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6.26-1 OF 39 ~ SEA (Search) Clontinued) | 


If .the C address controtler bits are 10» then the 
comparison ts made for a Lowest CONDITION. When and if as 
field ts detected that is lower than the A fielder the 
pertinent 8 fietd is then used tn the comparison with the 
subsequent B fields in lieu of the A fietd and the process 
continues until the B fieids are exhausted. The address of 
the lowest field detected is stored in IX1. If no low is~- 
tounds the A ADDRESS = or the address of the & ADDRESS 
field Cif A ADDRESS is a titeral) is Loaded into IX1. 


In some casesSs after comparison of the last possible full B 
field in the interval between the B and ¢& addressesre a 
final 8 field renains which is. shorter than specified. 
CExample: A field greater than NN). If a tow or Lowest 
condition is detected in this short field before the C 
address is reached» it is treated as a standard tow and its 
address 315 stored in IX1. Tf no tow is founds the C 
address 1s encountered and the Search terminates with IX1 
unchanged. 


The compartson flip-ftops are set equal if a 3. field 
address is stored. The comparison flip-flops are set high 
if the A field address is stored. 


6.26.2 QP 37 - SLL CSearch Link List) 


2 ee oe OC on oe om ow Oe oe we oe oe oe ee es ee oe en es ee ee te 


This instruction is invalid untess the Extended “unction 
Adapter hardware is instatted. 


Compare the key in A field with B+BF in the manner 
prescribed by the variants in the 38 address controller. If 
the condition is met» store the address of the 8 field in 
IXl and set comparison. {ff the comparison is not met» find 
the next List entry at the address specified by Bs until 
list entry address is zero? at that time the comparison is 
set high. The address specified at B must be Hod 2. 


"A" controtler indicates data type for the -A- and <-§- 
fields. : 


90 Four Sit Mode 
O1 Reserved 
10 B8-Bit Mode 
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6-26-2 OP 37 - SLL CSearch Link List) CContinued) 


1i Indirect Address 
“B™ controtler indicates comparison:. 


00 Equal: If A field is equal to B field» set conparison 
equat. : 


C1 Any bit equal: If any one-bit of the A field is edquat 
to the corresponding bit of the 8B fields set comparison 
equal. 


0) Less Than: If the A field is algebraically less than 
the B field, set comparison low? if the A field is equat to 
the 8 field» set comparison equal. 


11 No-Bit Equal: Logical sums of corresponding bits of the 
A and B fields are conpared. The lLogicat sum is formed for 
each pair Call 8 field bits are examined). If the logical 
sums are zero (bit pairs O-O» O-1+ or 1°0) for all. pairs» 
set comparison equat. 


Indexing and address extension are allowed en-A and Be but 
are not permitted on links within the List. 


Indirect addressing is atlouwed on "A™ only. 


AF is the length of key to be searched. 

BF is the offset from 3 to the field to be searched. 
A is the address of the key to be searched. 

8 is the address of the first list entry. 


After prover aliqnment of overandse algebraicatly subtract — 
a subtrahend Located in A from a minuend Located in 8 and 


store the result in C. Operands need not be in normalized 
form. : 


The result mantissa length in digits is the Same as the 
length of the Larger of the A and 8 field lengths. 


OTF mantissa overflow occurss ‘the result exponent is 
previous tink. ; 


